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The developm ent o f  a  p ro c e d u re  f o r  r e l i a b l y  p r e d ic t in g  highway 
m ain ten an ce  re q u ire m e n ts  w hich would a id  highway m ain ten an ce  manage­
m ent i n  p la n n in g  m ain ten an ce  a c t i v i t i e s  was th e  o b je c t iv e  o f  t h i s  
r e s e a r c h .  Highway m ain ten an ce  fu n c t io n s  w ere grouped in to  sev en  d i f ­
f e r e n t  c a te g o r ie s  t h a t  w ere  an a ly zed  by th e  l e a s t  sq u a re s  te c h n iq u e  to  
d e te rm in e  th e  e f f e c t  o f  d i f f e r e n t  d e s ig n ,  g e o m e tr ic , t r a f f i c  and 
e n v iro n m e n ta l c h a r a c t e r i s t i c s  o f  a  highway s e c t io n .  A ll  f u n c t io n a l  
c l a s s e s — I n t e r s t a t e ,  P r im a ry , Secondary  and F arm -to -M arket— and th r e e  
d i f f e r e n t  s u r f a c e  ty p e s— c o n c r e te ,  b itu m in o u s  and g ra v e l—w ere in c lu d e d  
i n  th e  a n a ly s i s .  The d a ta  b a se  was d e r iv e d  from  th e  h i s t o r i c a l  re c o rd s  
m a in ta in ed  by th e  L o u is ia n a  D epartm ent o f  Highways.
The l e a s t  sq u a re s  a n a ly s is  te c h n iq u e  le d  to  th e  developm ent o f 
sev en  m u l t ip le  r e g r e s s io n  m odels g iv in g  th e  q u a n t i t a t i v e  e f f e c t  o f  each  
in d e p en d e n t v a r i a b le  on d i f f e r e n t  m ain ten an ce  c o s t  c a te g o r ie s .  Roadway 
m ain ten an ce  c o s t  was found to  be s i g n i f i c a n t l y  d ependen t on av erag e  
d a i ly  t r a f f i c ,  s u r f a c e  ty p e  and th e  s t r e n g th  o f d i f f e r e n t  s t r u c t u r a l  
la y e r s  o f  th e  roadway s e c t io n .  S hou lder a g e , s o i l  s t r e n g th  and a v e rag e  
d a i ly  t r a f f i c  e x p la in e d  v a r i a t i o n  found i n  th e  sh o u ld e r  and app roach  
m ain ten an ce  c o s t .  F u n c tio n a l  c l a s s ,  r a i n f a l l ,  mowing a c re s  and u rb an  
and r u r a l  a v e ra g e  d a i ly  t r a f f i c  w ere found to  be  th e  im p o rta n t v a r ia b le s  
i n  p r e d ic t in g  ro a d s id e  and d ra in a g e  and t r a f f i c  s e r v ic e  m ain ten an ce  
c o s t s .  Number, le n g th  and deck  a re a  f o r  d i f f e r e n t  s t r u c t u r e  ty p e s  
d i c t a t e d  th e  s t r u c t u r e  m ain ten an ce  c o s t  w h ile  number o f  m ovable b r id g e
viii
t e n d e r s ,  f e r r y  t e n d e r s ,  f e r r y  c a p a c i ty  and number o f m ovable b r id g e  
opening  o p e ra t io n s  governed th e  r i v e r  c ro s s in g  o p e ra t io n s  c o s t .  
F in a l l y ,  m ain ten an ce  overhead  and a d m in is t r a t io n  c o s ts  w ere  c o r r e la te d  
to  th e  number o f  em ployees and p h y s ic a l  s i z e  o f  th e  highw ay ne tw ork . 
N o n lin e a r  term s and c ro s s -p ro d u c ts  o f  in d ep en d en t v a r i a b le s  w ere found  




1 .1  Growth o f  M aintenance R equirem ents
S ince 1950 t r a n s p o r t a t io n  and highway system s in  th e  U n ited  S t a t e s ,  
and In  L o u is ia n a  i n  p a r t i c u l a r ,  have e x p e r ie n c e d  a  sh a rp  and co n tin u o u s  
g row th . Each y e a r  a la rg e  s h a re  o f  th e  a v a i l a b le  c a p i t a l  in v e s tm en t o f  
th e  S ta te  h a s  been  p u t  in to  highway developm ent. As a  consequence o f  
t h i s ,  th e  m ain tenance  commitments a s s o c ia te d  w ith  t h i s  developm ent have  
a l s o  in c re a s e d .  O ften  th e  m agnitude o f  th e s e  m ain tenance  commitments 
and th e  a s s o c ia te d  e x p e n d itu re s  a re  n o t  c o n s id e re d  to  th e  e x te n t  th a t  
th ey  sh o u ld  b e . W hile i t  i s  t r u e  t h a t  p la n n in g , d e s ig n , m ain ten an ce  and 
o p e ra t io n  p o l i c i e s  a f f e c t  one a n o th e r  and in  th e  o rd e r  s t a t e d ,  a p re ­
de term in ed  ad eq u a te  m ain tenance  p o lic y  n o t on ly  h e lp s  to  c u t  down o p e r­
a t in g  e x p e n s e s , b u t a l s o  h e lp s  in  ch o o sin g  th e  m ost f e a s ib le  and econom­
i c a l  p la n  among d i f f e r e n t  a l t e r n a t i v e s .  N oth ing  has so f a r  been  
e s ta b l i s h e d  to  e x p la in  co m p le te ly  th e  i n t e r a c t i o n  betw een th e s e  fo u r  
f u n c t io n s , b u t  i t  i s  e v id e n t  t h a t  th e  need  f o r  sound m ain ten an ce  i s  as  
im p o rta n t a s  th e  p la n n in g , c o n s t r u c t io n  and o p e ra t io n  fu n c t io n s .
In  a tte m p tin g  to  e x p la in  th e  in c r e a s e  in  m ain ten an ce  re q u ire m e n ts » 
a  mere lo o k  a t  th e  grow th i n  highway f a c i l i t i e s  (m ileag e ) a lo n e  may be 
m is le a d in g . Though th e  in c r e a s e  in  t o t a l  highway m ileag e  i n  q u a n t i t a ­
t i v e  m easure has n o t been  re m a rk a b le , th e  q u a l i t a t i v e  t ra n s fo rm a tio n  o f  
th e  o ld  and low ty p e  highway f a c i l i t i e s  to  modem h ig h  q u a l i t y  f a c i l i t i e s
1
TABLE 1 .1
MAINTAINED HIGHWAY MILEAGE IN LOUISIANA
Y ear
G rav el and 
S h e ll  
(M iles)
C o n cre te
(M iles)
B itum inous
S u rfa ce s
(M iles)
T o ta l
(M ile s)
1970-71 793.63 2185.27 13986.78 16965.68
1969-70 843.40 2184.60 13866.16 16900.16
1968-69 877.82 2056.59 13759.18 16693.59
1967-68 967 .81 1442.26 13246.58 15656.65
1966-67 888.87 1389.20 13363.28 15641.35
1965-66 995 .89 1409.42 13169.13 15574.44
1964-65 1291.89 1369.01 12813.08 15474.08
1963-64 1439.91 1408.22 12564.38 15412.46
1962-63 1710.89 1343.42 12268.88 15323.19
1961-62 1928.17 1302.57 12038.98 15269.72
1951-52 8425.24 2835 .18 3736.28 14996.70
has b een  im p re s s iv e . For exam ple, T ab le  1 .1  shows t h a t ,  i n  th e  S ta te  o f  
L o u is ia n a  t o t a l  highway m ileag e  d u r in g  1950-51 was 1 4 ,9 9 6 .7 0 , re a c h in g  
1 6 ,9 6 5 .6 8  i n  1970-71 . W hile an In c re a s e  o f  ro u g h ly  2 ,000  m ile s  i n  
tw en ty  y e a r s  i s  n o t  a s to u n d in g , th e  tra n s fo rm a tio n  o f  low q u a l i t y  to  
h ig h  q u a l i t y  s u r f a c e  ty p es  i s  q u i t e  s i g n i f i c a n t .  D uring 1950-51 , th e  
S ta te  o f  L o u is ia n a  had  8 ,4 2 5 .2 4  m ile s  o f g r a v e l  and s h e l l  ro a d s ,
2 ,8 3 5 .1 8  m ile s  o f  c o n c re te  ro ad s  and 3 ,7 3 6 .2 8  m ile s  o f  b itu m in o u s  
s u r f a c e - t r e a t e d  ro a d s .  I n  1970-71 a f t e r  t r a n s fo rm a tio n  and added con­
s t r u c t i o n ,  L o u is ia n a  had 795.63 m ile s  o f  g r a v e l  and s h e l l  ro a d s ,  2 ,1 8 5 .2 7  
m ile s  o f  c o n c re te  ro a d s  and 1 3 ,9 8 6 .7 8  m ile s  o f  b itu m in o u s s u r f a c e - t r e a t e d  
ro a d s . The m ajor p o r t io n  o f grow th  was i n  th e  b itu m in o u s s u r f a c e - t r e a t e d  
ro ad s  due to  m a te r ia l  a v a i l a b i l i t y ,  pavem ent p e rfo rm an ce , s p e c i a l  s o i l  
c o n d i t io n s ,  t r a n s p o r ta t io n  c h a r a c t e r i s t i c s  and c l im a t ic  and e n v iro n m en ta l 
c o n d i t io n s  in  L o u is ia n a .
S im ila r  n a tio n -w id e  ex p an s io n  in  t r a n s p o r t a t io n  f a c i l i t i e s  h as  
b ro u g h t a b o u t a s i g n i f i c a n t  change in  th e  economy o f  th e  n a t io n  and th e  
d a y - to -d a y  l i f e  s t y l e  o f  i t s  p e o p le . I n d u s t r ie s  now c o n s id e r  t r a n s p o r ­
t a t i o n  e x p e n d itu re s  f o r  t h e i r  goods and s e r v ic e s  as an Im p o rtan t economic 
f a c t o r .  Thus I n d u s t r i a l  e x p an s io n  i s  g ea red  to  th e  a v a i l a b i l i t y  o f  a  
v ia b le  t r a n s p o r ta t io n  sy stem . F o r th e  av erag e  p e rso n , th e  u se  o f  an 
au to m o b ile  has become a  n e c e s s i ty  and th e  number o f  c a r s  on th e  highways 
has In c re a s e d  a t  a  r a p id  r a t e .  As a  r e s u l t  o f  th e  in c r e a s in g  volum es o f  
v e h ic l e s  u s in g  th e  h ighw ays, m ain tenance  c o s t s  have In c re a s e d  a lm o st a t  
th e  same r a t e .  The h ig h e r  volum es o f  t r a f f i c  have b ro u g h t abou t more 
r a p id  d e t e r i o r a t i o n  o f  highway f a c i l i t i e s ; th u s  d i c t a t i n g  e a r l i e r  r e p a i r s . 
H igher volum es have in c re a s e d  t r a f f i c  a c c id e n ts  and damages th e re b y  
n e c e s s i t a t i n g  h ig h e r  l e v e l s  o f  m a in tenance  and s a f e t y - r e l a t e d  e x p e n d itu re s .
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H igher volum es have fo rc e d  b e t t e r  and more f r e q u e n t  t r a f f i c  s e r v ic e s  
b e ca u se  o f  in c re a s e d  l i t t e r  and h in d ra n c e  to  norm al m ain ten an ce  o p e ra ­
t i o n s .  T hus, th e  ag in g  o f  th e  e x i s t in g  highway sy s te m s , combined w ith  
th e  in c re a s in g  w ear and t e a r  im p a rted  to  them by grow ing volum es o f 
t r a f f i c ,  in c r e a s in g  s a f e ty  re q u ire m e n ts , l i t t e r  rem oval, l i g h t i n g ,  
fe n c in g , e t c . ,  have b een  c o n tin u o u s ly  fo rc in g  m ain tenance  e x p e n d itu re s  
u p . In  o th e r  w o rd s , in c r e a s e s  i n  t r a f f i c  volum es a lo n e  ap p ea r to  have 
c o n tr ib u te d  s i g n i f i c a n t l y  to  th e  In c re a s e  i n  m ain ten ace  re q u ire m e n ts .
At th e  same tim e , th e  r i s i n g  c o s t  o f m a t e r i a l ,  in c re a s e s  i n  la b o r  
c o s ts  and la c k  o f  ad eq u a te  m ain ten an ce  management p o l i c i e s  have become 
a d d i t io n a l  b u rd e n s . A d d it io n a l  m ain ten an ce  re q u ire m e n ts  b ecau se  o f  
th e  N a tio n a l  System  o f  I n t e r s t a t e  and D efense Highways a re  r a p id ly  
becom ing s i g n i f i c a n t .  At p r e s e n t ,  even  though th e  c o n s tru c te d  system  la  
r e l a t i v e l y  new, th e  c o s t  o f  i t s  m ain ten an ce  i s  a  c o n s id e ra b le  p o r t io n  o f 
each  s t a t e ' s  o v e r a l l  m a in ten an ce  b u d g e t. M oreover, as  th e s e  h ig h - ty p e  
m u l t i la n e  I n t e r s t a t e  f a c i l i t i e s  grow o ld e r ,  a d d i t io n a l  re q u ire d  in c re a s e s  
i n  m ain ten an ce  e x p e n d itu re s  w i l l  have a s i g n i f i c a n t  b e a r in g  upon th e  
S t a t e 's  b u d g e t a l l o c a t i o n .  I t  i s  ex p ec ted  th a t  i f  th e  p re s e n t  tre n d  
c o n t in u e s ,  15 to  20 p e rc e n t  o f  th e  S ta te  highway m ain tenance  d o l l a r  w i l l  
be  s p e n t  on th e  I n t e r s t a t e  System w hich w i l l  com prise  on ly  5 to  6 p e rc e n t  
o f  th e  S ta te - a d m in is te r e d  highway m ile a g e .
As th e  grow th i n  t r a n s p o r ta t io n  f a c i l i t i e s  c o n t in u e s ,  q u a n t i t a ­
t i v e l y  as  w e l l  as q u a l i t a t i v e l y ,  th e  c o s t  o f c o n s t r u c t io n ,  o p e ra t io n  
and m ain ten an ce  h a v e  ten d ed  to  in c r e a s e  g e o m e tr ic a l ly .  I n  th e  n e a r  
f u t u r e ,  m ain ten an ce  c o s ts  w i l l  occupy a s i g n i f i c a n t  p o s i t io n  i n  s t a t e  
highway f in a n c in g . D uring th e  p e rio d  from  1960 to  1970, m ain ten an ce  and 
o p e ra t io n  c o s ts  have tak en  on th e  a v e ra g e , 25 to  30 p e rc e n t o f  th e  t o t a l
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e x p e n d itu re  o f  S ta te  highway fu n d s . T here I s  grow ing c o n c e rn , b o th  a t  
th e  S ta te  and F e d e ra l l e v e l s ,  to  e f f e c t  m easures th a t  w i l l  a r r e s t  
s p i r a l l i n g  m ain ten an ce  c o s t s .  New d e s ig n  c o n c e p ts , new m a te r ia ls  and 
s o p h is t i c a te d  m ain ten an ce  management p o l i c i e s  a re  b e in g  t e s t e d  in  
s e v e r a l  s t a t e s .  A lthough re s e a rc h  I s  p ro ceed in g  a t  a r a p id  r a t e ,  a 
s a t i s f a c t o r y  answ er to  th e  problem  o f  Im proved m ain tenance  management 
I s  y e t  to  b e  co m p le te ly  d e f in e d .
The problem s a s s o c ia te d  w ith  highway m ain tenance  management have 
re c e iv e d  s p e c i a l  a t t e n t i o n  r e c e n t ly .  One o f  th e  o b s ta c le s  i n  th e  p re s ­
e n t  day m ain ten an ce  management p o l ic y  has b een  th e  a b sen ce  o f  ad eq u a te  
m ethods o f e s t im a tin g  f u tu r e  m ain ten an ce  re q u ire m e n ts  and th e  a s s o c ia te d  
c o s t s .  A m odel o r  a  s e r i e s  o f  m odels t h a t  w i l l  n o t o n ly  e s tim a te  
fu tu r e  m ain tenance  re q u ire m e n ts  f o r  a  g iv en  roadway s e c t i o n ,  b u t a l s o  
r e f l e c t  th e  i n t e r r e l a t i o n s h i p  betw een  c o s ts  and d i f f e r e n t  c a u s a l  v a r i ­
a b le s  I s  an  e s s e n t i a l  to o l  f o r  th e  r e l i a b l e  p la n n in g  and f in a n c in g  o f  
highway m a in ten an ce . D if f e r e n t  s t a t e  governm ents and a g e n c ie s  have 
re c o g n ise d  t h i s  p rob lem . D uring th e  l a s t  d ecad e , s e v e r a l  such  m odels 
have been  developed  and s u c c e s s f u l ly  u t i l i z e d  by v a r io u s  s t a t e s .
However, th e  n a tu re  o f  th e  problem  i s  to o  complex and s e n s i t i v e  to  be 
g e n e r a l iz e d ;  th u s  th e  m odels w hich have been  developed  a r e  r e s t r i c t e d  
to  lo c a l  u s e .  S t i l l  even  a t  t h i s  r e s t r i c t e d  l o c a l  l e v e l ,  much can  be 
ach iev ed  by r e f in in g  d eveloped  te ch n iq u es  and p u rsu in g  new h y p o th e se s .
1 .2  Purpose
T his re s e a rc h  h as  b een  conducted  f o r  th e  p u rpose  o f  a tte m p tin g  to  
r e f in e  th e  p ro ced u re  o f  e s t im a t in g  highway m ain tenance  re q u ire m e n ts  and 
make a v a i l a b le  s o p h is t i c a te d  s t a t i s t i c a l  to o l s  to  a id  i n  th e  e s t im a tio n
o f  m ain ten an ce  re q u ire m e n ts  and a s s o c ia te d  c o s t s .  A n a ly s is  o f  th e  key 
v a r i a b le s  c o n t r ib u t in g  to  m ain ten an ce  n e e d s , th e  i n t e r r e l a t i o n s h i p s  
among th e  v a r ia b le s  and t h e i r  im pact on m ain ten an ce  c o s ts  has been  th e  
m a jo r fo cu s  o f  t h i s  s tu d y . As e x p la in e d  In  a  s tu d y  (36) conducted  by 
th e  L o u is ia n a  D epartm ent o f  H ighw ays, " th e  o b je c t iv e s  o f  th e  main­
te n an c e  fu n c tio n s  a r e  as f o l lo w s :
1 . To p re s e rv e  th e  in v e s tm e n ts  made i n  S ta te  h ighw ays, b r id g e s  
and a p p u r te n a n c e s .
2 . To p ro v id e  a d eq u a te  l e v e l s  o f  s a f e t y ,  com fo rt and co n v en ien ce  
to  m o to r i s t s .
3 . To e n su re  economy i n  e x p e n d itu re  o f  r e s o u r c e s ."
A fundam en ta l g u id e  f o r  t h i s  in v e s t ig a t i o n  e f f o r t  has been  t h i s  s t a t e ­
m ent o f  th e  o b je c t iv e s  o f  th e  m ain ten an ce  fu n c t io n .  In  p a r t i c u l a r  t h i s  
s tu d y  has had as  i t s  o b je c t iv e s :
1 . To make in v e s t ig a t io n s  and a n a ly se s  f o r  th e  pu rp o se  o f  
d e v e lo p in g  one o r more com prehensive and p r a c t i c a l  m ethods 
o f  p r e d ic t in g  th e  e f f e c t s  o f  t r a f f i c  c h a r a c t e r i s t i c s  and 
e x is t in g  s t r u c t u r a l  and g eo m etric  c o n d it io n s  on th e  f u r th e r  
d e t e r i o r a t i o n  o f  any highw ay.
2 . To develop  s t a t i s t i c a l l y  sound m a th e m a tica l m odels t h a t  w i l l  
p r e d ic t  th e  fu tu r e  highway m ain tenance  c o s ts  f o r  v a r io u s  
ty p es  o f  highw ays ( g r a v e l ,  c o n c re te  and b itu m in o u s s u r f a c e -  
t r e a te d  r o a d s ) .
3 . To p r e d ic t  th e  an n u al m ain tenance  c o s ts  on a c a te g o r ic a l  
b a s i s  (such  as  pavement s u r f a c e  m ain tenance  c o s t s ,  sh o u ld e r  
and approach  m ain ten an ce  c o s t s , ro a d s id e  and d ra in a g e  m ain­
te n an c e  c o s t s ,  s t r u c t u r a l  m ain tenance  c o s t s ,  t r a f f i c  s e r v ic e s
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m ain tenance  c o s t s ,  r i v e r  c ro s s in g  o p e ra t io n s  m ain ten an ce  c o s ts  
and m ain tenance  overhead  and a d m in is t r a t io n  c o s t s ) .
I t  I s  a n t i c ip a te d  t h a t  th e  o u tp u t o f  t h i s  re s e a rc h  w i l l  a id  th e  
L o u is ia n a  D epartm ent o f  Highways M ain tenance D epartm ent In  d e te rm in in g  
th e  m ain ten an ce  b u d g e t I n  th e  fu tu r e  and a id  In  th e  developm ent o f 
m ethods le a d in g  to  th e  r e d u c t io n  o f m ain ten an ce  c o s t s .  The developed  
te c h n iq u e  o f p r e d ic t in g  highway m ain tenance  w i l l  h e lp  th e  a d m in is t r a t io n  
in  a l l o c a t in g  p ro p e r  m ain ten an ce  funds to  d i f f e r e n t  s e c t io n s  b ased  on 
t h e i r  a c tu a l  m ain tenance  re q u ire m e n ts . The s tu d y  w i l l  a ls o  h e lp  f a c i l i t y  
d e s ig n e rs  w ith  economic a n a ly s e s , such  a s  d e c id in g  upon w h e th er a  p a r ­
t i c u l a r  roadway s e c t io n  sh o u ld  be newly c o n s tru c te d  o r  improved f o r  
f u tu r e  t r a n s p o r t a t i o n  n e e d s . As p re v io u s ly  s t a t e d ,  th e  economic f e a s i ­
b i l i t y  o f  p lan n ed  p r o j e c t s  and s e l e c t i o n  among th e  p o t e n t i a l  c a n d id a te s  
w i l l  be c o n s id e ra b ly  d ependen t on m ain tenance  re q u ire m e n ts  i n  th e  
f u tu r e .  The m odels developed  d u rin g  t h i s  i n v e s t ig a t io n  w i l l  a s s i s t  i n  
making m ean in g fu l com parisons among v a r io u s  c o n s t r u c t io n  a l t e r n a t i v e s  
and p ro v id e  a  b e t t e r  e s t im a te  fo r  f u tu r e  m ain tenance  re q u ire m e n ts .
T h is  s tu d y  has been  made in  a  manner so as  to  comply w ith  th e  m ain­
ten an ce  re q u ire m e n ts  o f  th e  L o u is ia n a  D epartm ent o f  Highways. The b a s ic  
fo rm at o f th e  Highway D ep artm en t's  m ain tenance  fu n c t io n  c l a s s i f i c a t i o n  
system  was r e ta in e d  and th e  models w ere developed  I n  acco rd an ce  w ith  t h i s  
c l a s s i f i c a t i o n  sy stem . A ll c la s s e s  o f  ro ad s  by f u n c t io n a l  c l a s s i f i c a t i o n ,  
i . e . ,  I n t e r s t a t e ,  P r im a ry , Secondary and F arm -to -M ark e t, w ith  t h e i r  s u r ­
fa c e  ty p es  w ere c o n s id e re d  I n  d ev e lo p in g  th e  m odels. The models p re ­
se n te d  have been  k e p t as s im p le  as p o s s ib le  w ith o u t n e g le c t in g  o r  d i s ­
t o r t i n g  th e  e f f e c t  o f any v a r ia b le  on m ain tenance  re q u ire m e n ts . As h as  
been  p o in te d  o u t p r e v io u s ly ,  a p p l ic a t io n  o f  th e se  m o d e ls , due to  th e
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n a tu re  o f  t h e i r  d ev elopm en t, sh o u ld  be c o n fin e d  to  th e  S ta te  o f  L o u is ia n a . 
However, t h e i r  m o d if ic a t io n  f o r  u se  in  o th e r  s t a t e s  co u ld  p o s s ib ly  be 
done . One a d d i t io n a l  p o in t  sh o u ld  be m entioned  a t  t h i s  s ta g e  re g a rd in g  
th e  end  p ro d u c t o f  t h i s  i n v e s t i g a t i o n .  A ll  th e  m odels developed i n  t h i s  
s tu d y  a r e  In ten d ed  to  in d ic a te  w hat sho u ld  be sp e n t f o r  an  ad eq u a te  
m ain ten an ce  program  and may n o t comply w ith  o r  e s t im a te  e x p e n d itu re s  on 
an o v e r-m a in ta in e d  o r  u n d e r-m a in ta in e d  roadway s e c t io n .
I
I
CHAPTER I I  
REVIEW OF LITERATURE
2 ,1  G en era l Review
S ince  1930 th e  Highway R esearch  Board h as  sp e n t a  c o n s id e ra b le  
amount o f  tim e and money in  a n a ly z in g  m ain ten an ce  c o s ts  and r e l a t i n g  
th e  c o s ts  to  c a u s a l  f a c to r s .  Large s c a le  re s e a rc h  p r o j e c t s  have b een  
u n d e rta k en  in  which c o n s id e ra b le  amounts o f  h i s t o r i c a l  and f i e l d  d a ta  
w ere c o l le c te d  and su b se q u e n tly  a n a ly z e d . The F e d e ra l G overnm ent, 
m ost S ta te  Governments and numerous l o c a l  a g e n c ie s  had b een  c o n tin u o u s ly  
w orking to  f in d  b e t t e r  methods o f e s t im a t in g  m ain tenance  c o s t s .  The 
e f f o r t s  made by th e  S ta te s  o f  L o u is ia n a , A riz o n a , O h io , Idaho  and 
V irg in ia  a re  n o tew o rth y . A lthough a c o n s id e ra b le  amount o f s u b je c t iv e  
and a n a ly t i c a l  s tu d y  a t  F e d e ra l ,  S ta te  and l o c a l  l e v e l s  has been  done 
in  t h i s  a r e a ,  no s i g n i f i c a n t  e f f o r t  has been  made to  m odel d i f f e r e n t  
c a te g o r ie s  ot m a in tenance  c o s ts  w ith  r e s p e c t  to  e s t im a tin g  t h e i r  f u tu r e  
re q u ire m e n ts . In  r e c e n t  y e a r s ,  a n a ly s is  and p r e d ic t io n  o f c a te g o r i c a l  
m ain tenance  re q u ire m e n ts  and r e l a t e d  c o s ts  u t i l i z i n g  v a r io u s  s t a t i s t i ­
c a l  ap p ro ach es  has been  a p ro m isin g  f i e l d  o f  re s e a rc h  among highway 
e n g in e e r s .
The e a r l i e s t  a tte m p t to  a n a ly z e  m ain ten an ce  c o s ts  and th e  i n f l u ­
en c in g  v a r ia b le s  was made by th e  Highway R esearch  B o a rd 's  M aintenance 
C ost Committee (5 -9 ) . S ince  1930 th e  Committee has c a r r i e d  o u t ex ten ~  
s iv e  re s e a rc h  in  t h i s  f i e l d .  S in ce  i t s  fo rm a tio n , th e  Committee h as
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e x p re ssed  deep co n cern  re g a rd in g  th e  a c c e le r a te d  r i s e  In  m ain tenance  
c o s ts  and has recommended s e v e r a l  m ethods o f  a l l e v i a t i n g  th e  p ro b lem s. 
D uring t h e i r  p io n e e r in g  work In  t h i s  f i e l d ,  ro ad  s u r f a c e  w id th , th ic k ­
n e s s ,  age o f  ro a d , c l im a t ic  c o n d it io n s  and t r a f f i c  volum e w ere I d e n t i ­
f i e d  as th e  prim e v a r ia b le s  a f f e c t in g  m ain ten an ce  c o s E b .  The r e l a t i o n ­
s h ip  betw een  some o f  th e s e  v a r i a b le s  and m ain ten an ce  c o s ts  w ere 
p re s e n te d  i n  th e  form o f e m p ir ic a l  c u rv e s . However, no a t te m p t was 
made to  p r e s e n t  a m a th em atica l m odel o r  s tu d y  th e  i n t e r r e l a t i o n s h i p s  
among th e  v a r ia b le s  th e m se lv e s .
In  1956, th e  L o u is ia n a  D epartm ent o f Highways (18) made an  a tte m p t
t
to  a n a ly z e  m ain tenance  c o s ts  by a  q u a n t i t a t i v e  m ethod. A p r e d ic t io n  
method was d eveloped  w hich c o n s id e re d  th e  age and l a t e r  th e  roadway 
s u r fa c e  c o n d i t io n ,  t r a f f i c  volum e, su b g rad e  c l a s s i f i c a t i o n ,  w id th  o f  
roadway s u r fa c e  and r ig h t-o f -w a y  w id th . For each ty p e  o f  roadway— 
c o n c r e te ,  b itu m in o u s  and g ra v e l— a  b a se  m ile  o f  roadway was d e f in e d  on 
th e  b a s i s  o f  some f ix e d  v a lu e s  o f  th e  above v a r ia b le s  and t h i s  road  
s e c t io n  was a s s ig n e d  a  f a c to r  1 .0 .  For exam ple, a  b a se  m ile  o f  b i t u ­
minous roadway was d e f in e d  a s  f o l lo w s : (1 ) age betw een 1 to  3 y e a r s ,
(2) t r a f f i c  volume o f n o t  over 200 ADT, (3) good su b g rad e  s o i l  co n d i­
t i o n ,  (4 ) s u r f a c e  w id th  n o t ex ceed in g  20 f e e t ,  and (5) r ig h t-o f -w a y  
w id th  n o t ex ceed in g  60 f e e t . For th o se  b itu m in o u s  s e c t io n s  w hich m et 
th e se  c o n d i t io n s ,  th e  av erag e  an n u a l m ain ten an ce  e x p e n d itu re  p e r  m ile  
was found to  be $250 and was a ss ig n e d  a  f a c t o r  1 .0 .  F o r any p a r t i c u l a r  
in d ep en d en t v a r i a b l e ,  a  c o r r e c t io n  f a c to r  was dev e lo p ed  when th e  v a lu e  
o f the  v a r ia b le  d e v ia te d  from th e  b a se  v a lu e ;  th e  m agnitude o f  th e  
c o r r e c t io n  f a c to r  depending  on th e  deg ree  o f  d e v ia t io n .  F o r each  
v a r i a b l e ,  s e p a ra te  f a c to r s  were developed  and each  added to  th e  b a se
f a c to r  o f  1 .0 .  Then th e  t o t a l  f a c to r  m u l t ip l ie d  by th e  base  m ile  m ain­
ten an ce  c o s t  gave th e  p e r  m ile  m ain ten an ce  c o s t  o f  th e  roadway s e c t io n  
under c o n s id e ra t io n .  The m agnitudes o f  th e  a d d i t io n a l  f a c to r s  f o r  
d i f f e r e n t  v a r ia b le s  w ere d e te rm in ed  by t r i a l  and e r r o r  p ro ced u re  by 
t r y in g  to  d u p l ic a te  th e  h i s t o r i c a l  c o s t  d a ta  o f known roadway s e c t io n s  
t h a t  w ere b e in g  a d e q u a te ly  m a in ta in ed  and t h a t  w ere u n ifo rm ly  d i s t r i ­
b u te d  th ro u g h o u t th e  S ta t e .  S im ila r  s e t s  o f  f a c to r s  w ere g e n e ra te d  f o r  
c o n c re te  and g ra v e l  ro a d s .
R adzikow skl (24 -29) p u b lish e d  s e v e r a l  r e p o r t s  on m ain tenance  c o s ts  
as  th e  chairm an  o f  th e  Committee on M aintenance C ost o f Highway R esearch  
B oard. * I n i t i a l  r e p o r ts  d is c u s s e d  th e  a n a ly s is  o f  v a r io u s  m ain tenance  
c o s t  d a ta  and su g g es ted  m easures to  be  ta k e n  in  o rd e r  to  reduce  m ain­
ten an ce  c o s t s .  In  1956, R adzikow skl p u b lish e d  a r e p o r t  d e s c r ib in g  a  
te ch n iq u e  a lm o st i d e n t i c a l  to  th e  L o u is ia n a  D epartm ent o f  Highways' 
method b u t he c o n s id e re d  d i f f e r e n t  v a r ia b le s  in  d e f in in g  th e  b a se  m ile .  
Two d i f f e r e n t  ty p es  o f  p r e d ic t io n  methods w ere p ro p o sed . I t  i s  i n t e r ­
e s t in g  to  n o te  t h a t  R adzikow skl v e ry  r i g h t l y  i d e n t i f i e d  s u r fa c e  th ic k ­
n e s s ,  b a se  a n d /o r  subbase  th ic k n e s s  and s o i l  ty p e  as  v a r ia b le s  i n f l u ­
encing  m ain tenance  c o s t s .  In  h i s  f i r s t  m odel, th e  above th re e  v a r ia b le s  
a long  w ith  t r a f f i c  volum e, w ere u sed  to  d e f in e  th e  b a se  m ile .  This 
te ch n iq u e  fo llow ed  th e  same p r in c ip l e  o f  add ing  a d d i t io n a l  f a c to r s  to  
th e  b a se  f a c to r  o f  1 .0  depending  upon th e  d eg ree  o f  d e v ia t io n  o f each  
v a r i a b le .  In  h i s  second te c h n iq u e , Radzikow skl co n s id e re d  th e  p h y s ic a l  
c o n d itio n  o f th e  s u r f a c e ,  s u r fa c e  w id th , t r a f f i c  volume and s u r fa c e  ty p e  
as v a r i a b l e s .  In  t h i s  c a s e , each  v a r i a b le  was a ss ig n e d  a  f a c to r  o f 1 .0  
o r  more depending  on th e  s e v e r i ty  o f  d e v ia t io n  from th e  b a se  m ile . 
In s te a d  o f  adding  th e se  f a c t o r s ,  a  com posite  f a c to r  was de term in ed  by
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m u lt ip ly in g  th e  I n d iv id u a l  f a c to r s  t o g e th e r .  The a u th o r  found th e  
second  m ethod to  b e  th e  e a s i e r  and more j u s t i f i a b l e  one b e c a u se  th e  
co m p o site  f a c to r  to  a  c e r t a i n  e x te n t  e x p la in s  th e  i n t e r r e l a t i o n s h i p s  
among th e  in d e p e n d e n t v a r i a b l e s .
S u ta rw a la  and Mann (40) w ere f i r s t  to  d ev e lo p  a  c o n c e p tu a l m athe­
m a t ic a l  model i n  th e  form  o f  an  e q u a t io n  t h a t  c o u ld  p r e d i c t  th e  y e a r ly  
m a in ten an ce  c o s t  o f  a  g iv e n  m ile  o f  roadw ay s e c t io n .  The e q u a tio n  
d ev e lo p ed  was a p p l ic a b le  o n ly  to  th e  c o n c r e te  pavem ents w i th in  th e  S ta t e  
o f  L o u is ia n a .  I t  was a p r i o r i  assumed t h a t  th e  c o s t  o f  m ain ten an ce  
v a r i e s  w ith  t r a f f i c  vo lum e, s u r f a c e  w id th ,  s u b s o i l  c o n d i t io n ,  s u r f a c e  
c o n d i t io n  and r ig h t -o f -w a y  w id th .  The c o s t  o f  m a in ta in in g  b r id g e s ,  
s u p e r s t r u c t u r e s ,  s u b s t r u c t u r e s ,  s p e c i a l  s u r f a c e s  and overh ead  ex p enses 
w ere ex c lu d e d  i n  t h i s  s tu d y . M ain tenance  c o s t  d a ta  and d a ta  on th e  
above f i v e  v a r i a b le s  w ere  c o l l e c t e d  on  288 a d e q u a te ly  m a in ta in e d  ro a d ­
way s e c t i o n s .  A l e a s t  s q u a re  a n a ly s i s  was made and th e  fo llo w in g  model 
was d e r iv e d :
Z1 Z1 
Y -  - 3 5 .0  + ,049ZjL + .056 ^  z 2 Z3 + 3 ,6  Z2 Z4 +  *3 IT Z3 + 3 ,6Z 5
W here:
Y ■ y e a r ly  m a in ten an ce  c o s t  p e r  m ile  i n  d o l l a r s .
* v e h ic l e s  p e r  day (ADT).
Z2 * s u r f a c e  c o n d i t io n  f a c t o r .
Z^ » s u b s o i l  c o n d i t io n  f a c t o r .
Z^ => s u r f a c e  w id th  i n  f e e t .
Z^ •  r ig h t -o f -w a y  w id th  i n  f e e t .
2
The m odel h a s  an R v a lu e  o f  0 .6 7 5 4  and was a b le  to  p r e d i c t  w i th in  
-1 5  p e r c e n t  o f  th e  a c t u a l  m a in ten an ce  c o s t  f o r  more th a n  65 p e r c e n t  o f
I
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Che c o n tro l  s e c t io n s  u sed  i n  th e  s tu d y . Two Im p o rtan t co n c lu s io n s  w ere 
d e riv e d  from th i s  r e s e a rc h  e f f o r t .  F i r s t ,  i t  was found th a t  th e  m ain­
ten an ce  c o s ts  w ere n o t o n ly  in d ep en d en tly  r e la te d  to  th e  in f lu e n c in g  
v a r ia b le s  th em se lv es , b u t a lso  th e  i n t e r r e l a t i o n s h ip s  among th e  v a r i ­
a b le s  made an im p o rtan t c o n tr ib u t io n  tow ards the  e s t im a tio n  o f m ain­
ten an ce  re q u ire m e n ts . Second, an assum ption  o f on ly  l i n e a r  r e l a t i o n ­
sh ip s  betw een th e  m ain tenance  c o s ts  and r e l a t e d  v a r ia b le s  was p roven  
wrong and c ro s s  p ro d u c t and n o n lin e a r  term s were found to  be n e c e ssa ry  
to  more f u l l y  e x p la in  th e  v a r ia t io n  i n  m ain tenance re q u ire m e n ts .
Mann (1 9 ,2 0 ) co n tin u ed  work in  t h i s  f i e l d  and b ro u g h t th e  te c h n i­
que to  a  more s o p h is t i c a te d  l e v e l .  The i n i t i a l  model was m odified  
in  a  way so t h a t  th e  adequacy o f m ain tenance  could  be en su red . T h is  
was ach ieved  by f i r s t  e v a lu a tin g  th e  com petence o f th e  in v o lv ed  main­
ten an ce  e n g in e e rs  in  p re d ic t in g  m ain tenance c o s ts  by f i r s t  u t i l i z i n g  
h y p o th e t ic a l  s e c t io n s  f o r  e s tim a tin g  m ain tenance e x p e n d itu re  and th en  
by ask in g  each o f th e  e n g in ee rs  to  e s tim a te  adequate  m ain tenance expen­
d i tu r e s  on some s e le c te d  p h y s ic a l  s e c t io n s  w ith in  t h e i r  j u r i s d i c t i o n .  
A djustm ents t h a t  were n e c e ssa ry  to  c o r r e c t  d e v ia t io n s  from uniform  
adequacy s ta n d a rd s  w ere made on th e se  e s t im a te s .  Thus r e l ia n c e  on w hat 
was sp en t aB a  m easure o f adequate  m ain tenance was e l im in a te d . T hree 
o f th e  indep en d en t v a r ia b le s — t r a f f i c  volum e, s u r fa c e  c o n d itio n  and 
s u b s o i l  c o n d itio n —w ere re d e f in e d  to  a  more s o p h is t ic a te d  le v e l .  In  
d e f in in g  t r a f f i c  volum e, Mann co n sid e red  th e  r e l a t i v e  e f f e c t s  o f h e a v ie r  
v e h ic le s  a v e r  l i g h t e r  v e h ic le s  by u s in g  a  c r i t e r i a  su g g es ted  by AASHO 
whereby heavy w eigh t and medium w eight v e h ic le s  w ere co n v erted  to  e q u i­
v a le n t  p a ssen g e r c a r s .  In s te a d  o f u s in g  a  s u b je c t iv e  r a t in g  c r i t e r i a  
f o r  s u b s o i l  c o n d i t io n , th e  Texas t r l a x i a l  t e s t  v a lu es  w ere u sed . The
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s u r f a c e  c o n d it io n  f a c to r  was m o d ified  by  ap p ly in g  a  p ro ced u re  developed  
by th e  Highway R esearch  Board th a t  c o n s id e re d  s u r f a c e  s c a l in g , p ro g re s ­
s iv e  s c a l in g ,  c ra c k in g  and f a u l t in g  a s  c o n d it io n  f a c to r s  f o r  e v a lu a t in g
c o n c re te  s u r f a c e s .  T h is  m odel was a g a in  a p p l ic a b le  to  c o n c re te  p a v e -
2
m ents o n ly . A very  h ig h  R v a lu e  o f  0 .9 1 1  a s s o c ia te d  w ith  o th e r  s a t i s ­
f a c to r y  s t a t i s t i c a l  t e s t s  proved th e  r e l i a b i l i t y  o f  th e  m odel. I n  t h i s  
te c h n iq u e , th e  model p r e d i c t s  what sh o u ld  have b een  s p e n t  fo r  a d e q u a te  
m ain ten an ce  r a th e r  th a n  w hat was a c t u a l l y  s p e n t .
Both o f  th e  above s tu d ie s  w ere  r e l a t e d  to  c o n c re te  pavem ents o n ly . 
I t  sh o u ld  be m entioned  a t  t h i s  p o in t  t h a t  in  L o u is ia n a  th e  l a r g e s t  p o r­
t i o n  o f  m ain tenance  e x p e n d itu re  I s  expended in  p re s e rv in g  b itu m in o u s  
s u r f a c e - t r e a t e d  ro a d s ; a  problem  b r i e f l y  ex p lo red  by Mann (21) i n  an  
u n p u b lish ed  r e p o r t .  The L o u is ia n a  D epartm ent o f  Highways t e s t e d  M ann's 
m odel fo r  b itu m in o u s s u r f a c e - t r e a t e d  ro a d s  w ith  a c t u a l  f i e l d  d a ta  and
found th a t  th e  model g e n e ra te d  c o s t  d a ta  t h a t  s i g n i f i c a n t l y  d i f f e r e d
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from  a c tu a l  c o s t s .  T h is  was n o t u n ex p ec ted  s in c e  th e  R v a lu e  o f  th e  
d eveloped  model was 0 .3 0 . However, M ann 's model co v ered  only so u th e rn  
L o u is ia n a  and any a tte m p t to  use t h i s  m odel to  p r e d i c t  m ain tenance  c o s t  
i n  o th e r  a re a s  would o b v io u s ly  r e s u l t  i n  s i g n i f i c a n t  d e v ia t io n s .  More­
o v e r ,  a la rg e  p a r t  o f th e  observed  d e v ia t io n  cou ld  b e  a t t r i b u t e d  to  th e  
la c k  o f  s u f f i c i e n t  m ain tenance  s ta n d a rd s  and mismanagement t h a t  c re a te d  
f re q u e n t  u n d e r-m a in ten an ce  and o v er-m a in ten an ce  th u s  making th e  c o s t  
d a ta  very  u n r e l i a b le .
Use o f t o t a l  m ain ten an ce  c o s t  i s  p o s s ib ly  n o t  j u s t i f i e d  i n  r e a l i t y  
s in c e  a l l  th e  d i f f e r e n t  c a te g o r ie s  o f  m ain tenance  e x p e n d i tu re s ,  i . e . ,  
s u r f a c e  m a in ten an ce , s h o u ld e r  and ap p ro ach  m a in ten an ce , ro a d s id e  and 
d ra in a g e  m a in ten an ce , s t r u c t u r a l  m a in te n an c e , t r a f f i c  s e rv ic e
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m a in te n a n c e , r i v e r  c ro s s in g  o p e ra tio n s  m ain tenance  and m ain tenance  o v e r­
head and a d m in is tr a t io n  e x p e n s e s , e t c . ,  a r e  n o t c lo s e ly  r e l a t e d  to  th e  
same group o f  v a r i a b le s .  Many im p o rtan t v a r ia b le s  w ere  n o t c o n s id e re d  
in  th e  developm ent o f  p re v io u s  m odels.
B etz  (4) i n  a 1965 p u b l ic a t io n  rev iew ed  a l l  th e  r e s e a rc h  works 
done i n  t h i s  f i e l d  and p o in te d  o u t th e  im p o rtan ce  o f  su ch  re s e a rc h  works 
i n  a id in g  dev elo p in g  c o u n t r i e s .  He concluded  th a t  th e  in t e r a c t io n s  and 
r e la t io n s h ip s  among th e  in f lu e n c in g  v a r ia b le s  and m a in ten an ce  r e q u ir e ­
m ents w ere  q u i te  complex i n  n a tu re  and any fo rce d  a t te m p t to  s im p lify  
them by t r y in g  to  r e l a t e  them in d e p e n d e n tly  would d i s t o r t  th e  v a l i d i t y  
o f  th e  m o d e ls . B itum inous s u r f a c e - t r e a t e d  roads w ere th o u g h t to  have 
complex m ain tenance  c h a r a c t e r i s t i c s  when compared to  o th e r  s u r fa c e  ty pes 
and th e  n e c e s s i ty  o f d e v e lo p in g  s p e c ia l  m odels f o r  them was e x p re sse d . 
B etz f e l t  t h a t  p e rs e rv e ra n c e  in  th e  d i r e c t i o n  o f d e v e lo p in g  s o p h is t i c a te d  
p erfo rm ance  r a t in g  system s (a s  used by o n ly  a few s t a t e s )  m ight c o n t r i ­
b u te  to  th e  developm ent o f  some pow erfu l te ch n iq u es  i n  t h i s  f i e l d .
M ann's te c h n iq u e  u s in g  m u l t ip le  r e g r e s s io n  a n a ly s is  w ith  c ro s s  p ro d u c ts  
and n o n l in e a r  term s was found  to  be one o f  th e  m ost s o p h is t i c a te d  and 
c o n s id e re d  a  s te p  in  th e  r i g h t  d i r e c t i o n .
The A rizona  Highway D epartm ent (1 ,2 )  has a ls o  b een  w orking on t h i s  
problem  f o r  some tim e . T h e ir  f in d in g s  co n clu d e  th a t  d i f f e r e n t  v a r ia b le s  
such a s  s u r f a c e  ty p e , t r a f f i c  volum e, roadway w id th , a g e , to p o g rap h ic  
f a c to r s  and c l im a tic  c o n d i t io n s  have s i g n i f i c a n t  b e a r in g  on m ain tenance 
c o s t s .  T ab les  showing th e  e f f e c t  o f th e s e  v a r ia b le s  on m ain tenance  
c o s ts  f o r  d i f f e r e n t  ty p e s  o f  roads a r e  a v a i l a b l e .  The Idaho Highway 
D epartm ent (23) has a ls o  re s e a rc h e d  t h i s  same a re a  and h as  p ro v id ed
i
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m odels u t i l i z i n g  r e g r e s s io n  a n a ly s i s .  C lim a tic  c o n d it io n s  I n  Id ah o  were 
found to  h e  the  m ost Im p o rtan t f a c t o r  a f f e c t in g  m ain ten an ce  re q u ire m e n ts .
B ertram  D. T allam y A sso c ia te s  (3 ) conducted  an  e x te n s iv e  re s e a rc h  
e f f o r t  i n  th i s  f i e l d  and i n  1967 d ev e lo p ed  a  p ro c e d u re  by w hich s e v e r a l  
r e g r e s s io n  e q u a tio n s  w ere used to  p r e d i c t  d i f f e r e n t  c a te g o r ie s  o f  m ain­
ten an ce  e x p e n d i tu re s .  These e q u a tio n s  w ere a p p l ic a b le  f o r  p r e d ic t in g  
th e  m ain ten an ce  c o s ts  o f  I n t e r s t a t e  Highways th ro u g h o u t th e  n a t io n .
The te c h n iq u e  took a  p ro p e r  d i r e c t i o n  tow ards th e  s o lu t io n  o f  th e  m ain­
ten an ce  problem  by s p l i t t i n g  up th e  t o t a l  m ain tenance  c o s t  i n t o  d i f ­
f e r e n t  u n re la te d  c a te g o r ie s  which w ere  th e n  r e l a t e d  to  a p p r o p r ia te  v a r i ­
a b le s  th ro u g h  m u l t ip le  re g re s s io n  a n a ly s i s .  Seven d i f f e r e n t  a c t i v i t y  
groups w ere c o n s id e re d  and fo r  each  o f  them a m odel p r e d ic te d  th e  
re q u ire m e n t u n i ts  f o r  ad eq u a te  m a in ten an ce  o f a  o n e -m ile  s e c t io n  o f  fo u r -  
la n e  d iv id e d  I n t e r s t a t e  Highway. The seven  a c t i v i t y  g roups w ere :
(1) pavem ent and s h o u ld e r  m a in ten an ce , (2) d ra in a g e  and e ro s io n  m ain­
te n a n c e , (3) v e g e ta t io n  c o n tr o l  m a in te n an c e , (4) s t r u c t u r a l  m a in ten an ce , 
(5) snow and ic e  c o n t r o l  m a in ten an ce , (6) t r a f f i c  c o n t r o l  and f a c i l i t i e s  
m a in te n an c e , and (7) l i t t e r  rem oval and sw eeping e x p e n d itu re . C ost d a ta  
on th e s e  a c t i v i t y  g ro u p s and d i f f e r e n t  d e s ig n , g e o m e tr ic , c l im a t i c ,  
to p o g ra p h ic  and t r a f f i c  c h a r a c t e r i s t i c s  d a ta  w ere c o l l e c te d  on 28 s e c ­
t io n s  d i s t r i b u t e d  i n  th e  f iv e  S ta t e s  o f  C a l i f o r n ia ,  T ex as, F lo r id a ,  New 
York and O hio. The d a ta  was c o l l e c te d  from  f i e l d  o b s e rv a tio n s  a s s o c ia te d  
w ith  th e  ad eq u a te  m ain ten an ce  o f th e s e  roadway s e c t io n s  f o r  one y e a r .
The key v a r ia b le s  i d e n t i f i e d  were s u r f a c e  a g e , t r a f f i c  volum e, av erag e  
an n u al r a i n f a l l ,  a v e ra g e  annual s n o w f a l l ,  number o f  days when th e  maxi­
mum d a i ly  te m p e ra tu re  was below 32°F , number o f  days o f  s n o w f a l l ,  number 
o f  days o f  snow co v er on ground, t e r r a i n  f a c t o r ,  le n g th  o f mowing s e a so n ,
i
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a v e rag e  number o f  s t r u c tu r e s  p e r  m i le ,  a v e rag e  number and a re a  o f 
p a in te d  s t e e l  s t r u c tu r e s  p e r  m ile  and ro ad  c h a r a c t e r i s t i c s  d e f in e d  as  
e i t h e r  u rb a n  o r  r u r a l .  N o n lin e a r  term s w ere  a l s o  In c lu d e d  i n  th e s e  
m od e ls . The e r r o r  in  p r e d i c t i o n  v a r ie d  from  a  low o f 0 .6  p e rc e n t  to  
a h ig h  o f 16 p e rc e n t  f o r  in d iv id u a l  a c t i v i t y  g roups w ith  an o v e r a l l  
e r r o r  o f 85 p e rc e n t .  C o n sid e rin g  t h a t  th e  d a ta  b a se  f o r  th e  a n a ly s is  
was ex tre m e ly  s m a l l , th e  m odels perform ed w e l l .  An a n a ly s is  o f  u n i t  
m a in ten an ce  e x p e n d itu re s  f o r  l a b o r ,  m a te r i a l  and equipm ent f o r  each 
a c t i v i t y  group was a ls o  p re s e n te d  i n  th e  r e p o r t .  S in c e  th e  c ro s s  p ro ­
d u c t term s w hich w ere found to  be v e ry  im p o r ta n t i n  Mann’s work w ere 
n o t  g iv e n  any s p e c ia l  a t t e n t i o n ,  i t  i s  f e l t  t h a t  th e  m odels w ere 
in te n d e d  to  be s im p le  i n  n a tu r e  r a th e r  th a n  e f f i c i e n t  in  p r e d ic t io n .  
M oreover, no p ro v is io n  was made to  accom odate i n f e r i o r  ty p es  o f  h ig h ­
ways w hich have s u b s t a n t i a l l y  d i f f e r e n t  m ain ten an ce  c h a r a c t e r i s t i c s  as  
compared to  th o se  o f h ig h  q u a l i ty  I n t e r s t a t e  Highways.
In  1965, th e  L o u is ia n a  D epartm ent o f  Highways in  c o o p e ra tio n  w ith  
Roy Jo rg e n se n  and A sso c ia te s  (30-37) u n d e rto o k  a com prehensive re s e a rc h  
p r o j e c t  i n  th e  f i e l d  o f  highway m ain ten an ce  and r e l a t e d  management.
The aim o f th e  s tu d y  was fu n d am en ta lly  d i f f e r e n t  from  p re v io u s  s tu d ie s  
in  t h a t  more em phasis was p u t  in to  l a b o r ,  m a te r ia l  and equipm ent u t i l i ­
z a t io n  th a n  i n to  c o s t s .  A d e t a i l e d  a n a ly s is  and e v a lu a t io n  o f e x i s t in g  
m ain ten an ce  o p e ra t io n s  and h i s t o r i c a l  d a ta  was made i n  o rd e r  to  id e n ­
t i f y  th e  b a s ic  d e f i c i e n c i e s .  The s tu d y  p o in te d  o u t th e  ab sen ce  o f a 
u n ifo rm  m ain tenance  p o l ic y  w ith  re g a rd  to  s ta n d a r d s ,  q u a l i ty  and p ro ­
d u c t iv i t y  in  m ain tenance  w ork f u n c t io n s ,  o v e r - s t a f f i n g ,  o v e r-  and 
u n d e r-m a in ten an ce  and bad d i s t r i b u t i o n  o f work r e s p o n s i b i l i t i e s .  As 
a  rem edy, new coding o f m ain ten an ce  work fu n c tio n s  was done , a new
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r e p o r t in g  sy stem  was p r e s c r ib e d  and p e rfo rm an ce  s ta n d a rd s  and l e v e l  o f  
m a in ten an ce  re q u ire m e n ts  w ere  d e v e lo p e d . Q u a li ty  o f  m a in te n an c e  w ork , 
q u a n t i ty  s t a n d a r d s , a  p r o d u c t iv i t y  in d e x  and optimum manpower u t i l i ­
z a t i o n  s ta n d a rd s  w ere d ev e lo p ed  i n  a  p e rfo rm an c e  l a b o r a to r y .  A new 
te c h n iq u e  o f  p e rfo rm an ce  b u d g e tin g  b a se d  on th e  d ev e lo p ed  s ta n d a rd s  was 
p ro p o se d . The m ethod h a s  so  f a r  sav e d  a s  much a s  20 m i l l i o n  d o l l a r s  i n  
m a in ten an ce  e x p e n d itu re  a t  i t s  p r e s e n t  o p e r a t i o n a l  l e v e l .  The s tu d y  
was com ple ted  i n  1969 and th e  im p le m e n ta tio n  o f  th e  f in d in g s  was 
i n i t i a t e d .  A c o n s id e ra b le  s a v in g  i n  m a in te n an c e  e x p e n d itu re  h a s  b een  
a c h ie v e d  u t i l i z i n g  th e  recom m endation i n  t h i s  r e p o r t .
The Ohio D epartm en t o f  T r a n s p o r ta t io n  h as  a l s o  p u t  f o r t h  a  con­
s id e r a b l e  e f f o r t  i n  t h i s  f i e l d  o f  r e s e a r c h  and i s  p o s s ib ly  one o f  th e  
few s t a t e s  w ork ing  w ith  r e g r e s s io n  m odels a t  p r e s e n t .  I n  c o l l a b o r a t io n  
w ith  B y rd , T a llam y , MacDonald and Lewis C o n su ltin g  E n g in ee rs  ( 1 0 ) ,  an  
e x te n s iv e  i n v e s t i g a t i o n  o f  m a in ten an ce  p la n n in g  was made i n  1967-68 . 
T h is  same group co n d u c ted  a n  a d d i t i o n a l  s tu d y  i n  1972-73 and p u b lis h e d  
a  r e p o r t .  F iv e  d i f f e r e n t  r o u te - ty p e  c l a s s i f i c a t i o n s  and n in e  d i f f e r e n t  
a c t i v i t y  code g ro u p s w ere s tu d ie d  i n  t h i s  r e s e a r c h .  I n f lu e n c in g  v a r i ­
a b le s  t h a t  w ere c o n s id e re d  w e re : c e n t e r l i n e  ADT, la n e  ADT, p o p u la t io n
p e r  s q u a re  m i le ,  v e h ic l e  m ile s  o f  t r a v e l  p e r  s q u a re  m ile  and a v e ra g e  
wage g ro u p . M odels w ere  d ev e lo p ed  to  p r e d i c t  a n n u a l m a in ten an ce  c o s ts  
f o r  each  r o u te  ty p e  f o r  v a r io u s  co m b in a tio n s  o f  a c t i v i t y  code g ro u p s . 
Only a v e ra g e  a n n u a l d a i ly  t r a f f i c  p e r  la n e  was found to  h ave  a  s i g n i f i ­
c a n t  e f f e c t  on m a in ten an ce  c o s t s .  A com p ariso n  o f  th e  1967-68 s tu d y  
b a sed  on c e n t e r l i n e  m ile  m ain ten an ce  c o s t s  w ith  th e  1972-73 s tu d y  b ased  
on la n e  m ile  m a in ten an ce  c o a ts  was m ade. The m odels compared w ere  
a p p l ic a b le  o n ly  to  r u r a l  r o u t e s . One s p e c i a l  c h a r a c t e r i s t i c  o f  th e
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1972-73 s tu d y  was t h a t  in s t e a d  of c o n s id e r in g  s p e c i f i c  ro u te s  w i th in  
th e  c o u n t ie s ,  coun ty -w ide  d a ta  s e t s  w ere u se d . M oreover, t h i s  s tu d y  
used  a  d a ta  s e t  accum ulated  ov er th r e e  y e a r s  r a th e r  th a n  r e ly in g  upon 
a s in g le  y e a r 's  d a ta .  However, once a g a in ,  t h i s  r e s e a rc h  f a i l e d  to  
c o n s id e r  th e  e f f e c t  o f  many o th e r  im p o r ta n t v a r ia b le s  m entioned  e a r l i e r  
and co n se q u e n tly  th e  dev elo p ed  models a r e  s im p le  and ju d g ed  in a d e q u a te  
to  e x p la in  some o f th e  s i g n i f i c a n t  v a r i a t i o n s  ob serv ed  i n  m ain ten an ce  
c o s t s .
2 .2  A n a ly s is  o f  P rev io u s  R esearch
The e a r ly  work o f  Highway R esearch  Board and v a r io u s  s t a t e  agenr- 
c ie s  has b een  o f  s u b s t a n t i a l  v a lu e  to  r e s e a r c h e r s  i n  th e  a re a  o f m ain­
ten an ce  m anagem ent. The i d e n t i f i c a t i o n  o f  d i f f e r e n t  d e s ig n ,  g e o m e tr ic , 
t r a f f i c ,  c l im a t ic  and to p o g ra p h ic  c h a r a c t e r i s t i c s  as  th e  im p o r ta n t 
v a r ia b le s  a f f e c t in g  m ain ten an ce  c o s ts  has g r e a t ly  advanced  th e  know ledge 
in  t h i s  f i e l d .  A lthough a  sound p r e d i c t i o n  te c h n iq u e  has n o t been  
d ev elo p ed , th e  s u g g e s tio n s  o f Highway R esearch  Board from  tim e to  tim e 
h a s  h e lp ed  s t a t e  a g en c ie s  to  red u ce  m ain ten an ce  e x p e n d itu re s  s i g n i f i ­
c a n t ly  .
I t  haB b een  p re v io u s ly  p o in te d  o u t t h a t  Mann's w ork cou ld  n o t 
s im u la te  r e a l i t y  due to  i t s  t re a tm e n t o f  m ain ten an ce  c o s t  as a  w hole 
and i t s  d e f ic ie n c y  i n  id e n t i f y in g  p ro p e r  c a u s a l  v a r i a b l e s .  However, 
th e r e  a re  c e r t a i n  o th e r  c o n s id e ra t io n s  t h a t  sho u ld  be em phasized a t  
t h i s  s ta g e .  The Roy Jo rg e n se n  and A s s o c ia te s ' s tu d y  n o te d  th a t  in  
L o u is ia n a  th e r e  was n o t s ta n d a rd  l e v e l  o r  q u a l i ty  o f m a in tenance  
re q u ire m e n ts , and th a t  th e  s ta n d a rd s  o f  perfo rm ance v a r ie d  w id e ly  from 
p la c e  to  p la c e  and even from  gang to  gang. Most o f  th e  p a r is h e s  and
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d i s t r i c t s  were o v e r - s t a f f e d  and due to  la c k  o f q u a n t i t y ,  q u a l i ty  and 
p r o d u c t iv i ty  s ta n d a r d s ,  o v e r-m a in ten an ce  and u n d er-m ain tenance  c o n d i­
t io n s  w ere v e ry  common. Thus, th e  w ide v a r i a t io n s  i n  th e  c o s t d a ta  
were d i f f i c u l t  to  r e l a t e  to  th e  v a r ia b le s  s tu d ie d  by Mann. The above 
c o n d itio n s  s e v e re ly  hand icapped  th e  u s e fu ln e s s  o f  th e  m odels p re v io u s ly  
d ev e lo p ed . However, M ann's use  o f a r e g r e s s io n  m odel and th e  In c lu s io n  
o f d i f f e r e n t  c ro s s -p ro d u c t  term s opened up a new d i r e c t i o n  in  t h i s  
f i e l d .  S in ce  h i s  i n i t i a l  e f f o r t ,  a  g r e a t  number o f  o th e r  works have 
been done by fo llo w in g  h i s  exam ple.
I t  sh o u ld  be em phasized t h a t  f o r  a r e g re s s io n  m odel to  be r e l i ­
a b le ,  a  un iform  m ain ten an ce  management p o l ic y ,  q u a n t i t y ,  q u a l i ty  and 
perform ance s ta n d a rd s  and t h e i r  s t r i c t  im p lem en ta tio n  a re  p r e r e q u i s i t e s .  
S ince th e  Im p lem en ta tio n  o f th e  recom m endations made i n  th e  Jo rg en sen  
s tu d y , m ost o f  th e se  req u irem en ts  have been  f u l f i l l e d .  On the  b a s i s  o f  
t h i s  a ssu m p tio n , th e  l a s t  fo u r  y e a r s '  d a ta  shou ld  be q u i t e  r e l i a b l e  and 
c lea n  in  n a tu re  when compared to  p a s t  d a ta  s e t s  and sh o u ld  make a  good 
d a ta  b a se  f o r  r e l i a b l e  r e g re s s io n  m odels.
The s tu d y  made by B ertram  D. T allam y A sso c ia te s  was the  f i r s t  i n  
p o in t in g  o u t th e  n e c e s s i ty  o f  s p l i t t i n g  up m ain ten an ce  c o s ts  in to  d i f ­
f e r e n t  a c t i v i t y  g ro u p s . However, th e  Btudy was l im i t e d  because o f i t s  
s o le  a p p l i c a b i l i t y  to  I n t e r s t a t e  Highways and the  u n r e l i a b i l i t y  o f  th e  
models due to  th e  ex trem ely  sm a ll d a ta  b a se  on w hich th e y  were d ev e lo p ed . 
The A rizo n a  and Idaho  s tu d ie s  h e lp ed  p re s e n t  r e s e a r c h e r s  in  id e n t i f y in g  
c a u sa l v a r ia b le s  even though t h e i r  a p p l i c a b i l i t y  i s  n o t  g e n e ra l in  
n a tu re .  However, i n  each  o f th e se  s t u d i e s ,  the  i n t e r r e l a t i o n s h i p  
betw een th e  v a r ia b le s  was n o t g iv en  p ro p e r  a t t e n t i o n .
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In  th e  Roy Jo rg e n se n  and A s s o c ia te s ' s tu d y , th e  su c c e ss  o f  th e  
management p o l ic y  l i e s  i n  th e  e s t im a tio n  o f m ain tenance  re q u ire m e n ts  
fo r  th e  f u t u r e .  However, th e  management p lan n in g  p re s e n te d  i n  t h i s  
s tudy  i s  s o l e l y  dependent on s u b je c t iv e  e s t im a te s  o f  p lan n ed  q u a n t i t i e s ,
i . e . ,  l a b o r ,  m a te r ia l  and equipm ent u t i l i z a t i o n ,  f o r  any s p e c i f i c  work 
fu n c tio n . The s u b je c t iv e  e s t im a te  i s  p r im a r i ly  dependen t on th e  
e x p e rien c e  and th e  know ledge o f  p re v io u s  y e a r s '  re q u ire m e n ts . At once 
a  q u e s tio n  can  be r a i s e d —how good a re  th e s e  s u b je c t iv e  e s t im a te s  and 
what would be t h e i r  d e g re e  o f  r e l i a b i l i t y ?  In s p e c t io n  o f  d a ta  fo r  th e  
p a s t  fo u r  y e a r s  r e v e a le d  t h a t  q u a n t i t i e s  a c tu a l ly  fu rn ish e d  s u b s ta n ­
t i a l l y  d e v ia te d  from th e  p lan n ed  q u a n t i t i e s .  M oreover, th e  s u b je c t iv e  
e s tim a te s  w ere n o t re p ro d u c ib le  f o r  s im i la r  c o n d it io n s  when s e p a ra te  
in d iv id u a ls  were e s t im a tin g  f o r  s e p a ra te  roadway s e c t io n s .
F u r th e rm o re , the  m a te r ia l  q u a n t i ty  s p e c i f i c a t i o n s  g iv e n  in  t h i s  
s tudy  do n o t r e f l e c t  th e  v a r i a t io n s  due to  d i f f e r i n g  t r a f f i c  c o n d i t io n s ,  
su rfa c e  t y p e s ,  s o i l  c o n d i t io n s  and o th e r  highway d e s ig n  and e n v iro n ­
m en ta l c o n d i t io n s .  These w i l l  d e f i n i t e l y  have a c o n s id e ra b le  b e a r in g  
on m ain ten an ce  re q u ire m e n ts  even though s im i l a r  m ain tenance  p o l ic y  and 
perfo rm ance  s ta n d a rd s  a r e  fo llo w ed .
The Ohio s tu d y  i d e n t i f i e d  av erag e  d a i ly  t r a f f i c  a s  th e  o n ly  i n f l u ­
en cin g  v a r i a b l e  a f f e c t in g  m ain tenance  c o s t s .  I n t e r a c t io n s  among th e  
in f lu e n c in g  v a r ia b le s  th u s  w ere n ev er c o n s id e re d . A ssum ptions o f s im p le  
l in e a r  r e l a t io n s h ip s  w ere a ls o  n o t t r u e .  However, th e  s tudy  in tro d u c e d  
some new c o n ce p ts  by c o n s id e r in g  co u n try -w id e  d a ta  s e t s  and u s in g  
s e v e ra l  y e a r s '  d a ta  in s t e a d  o f r e ly in g  upon a  s in g le  y e a r 's  In fo rm a tio n .
The n e c e s s i ty  f o r  th e  developm ent o f  a m a th e m a tica l te ch n iq u e  th a t  
w i l l  r e f l e c t  th e  v a r io u s  p h y s ic a l  c o n d itio n s  and e l im in a te  s u b je c t iv e
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p la n n in g , th u s  a c h ie v in g  more r e l i a b i l i t y  I n  p lanned  q u a n t i t i e s  s t i l l  
e x i s t s .  The developm ent o f  a r e g re s s io n  e q u a tio n  fo r  d i r e c t l y  p re ­
d i c t i n g  la b o r ,  m a te r ia l  and  equipm ent re q u ire m e n ts  fo r  e ac h  s e p a ra te  
work fu n c t io n  i s  c o n s id e re d  h ig h ly  i n f e a s i b l e .  So, as an  a l t e r n a t i v e ,  
m ain ten an ce  c o s ts  f o r  d i f f e r e n t  c a te g o r ie s  a re  f i r s t  p r e d i c t e d  and th en  
s e p a ra te d  i n t o  d i f f e r e n t  w ork fu n c tio n s  t o  a r r iv e  a t  p la n n e d  la b o r ,  
m a te r ia l  and equipm ent u t i l i z a t i o n .  T h is  approach w i l l  p o s s ib ly  p ro ­
v id e  a s a t i s f a c t o r y  s o lu t io n  to  th e  p rob lem  o f  e s tim a tin g  m ain tenance  
re q u ire m e n ts .
CHAPTER I I I
HIGHWAY MAINTENANCE IN LOUISIANA
3 .1  D e f in i t io n  o f  Highway M aintenance
A b road  d e f i n i t i o n  o f highway m ain ten an ce  has b een  g iv e n  by 
AASHO (2 2 ). T hat d e f i n i t i o n  s t a t e s  t h a t ,  "highway m ain ten an ce  i s  th e  
a c t  o f  p r e s e rv in g  and k e ep in g  a  h ighw ay, in c lu d in g  a l l  i t s  e le m e n ts , i n  
as n e a r ly  p r a c t i c a b le  i t s  o r i g i n a l  a s - c o n a tru c te d  c o n d it io n  o r  i t s  
su b se q u e n tly  im proved c o n d i t io n ;  and th e  o p e ra t io n  o f a  highway f a c i l i t y  
and s e r v ic e s  i n c id e n ta l  t h e r e t o ,  to  p ro v id e  s a f e ,  c o n v e n ie n t ,  and eco­
n o m ica l highway t r a n s p o r t a t i o n .11 A lthough t h i s  d e f i n i t i o n  by i t s e l f  
does n o t c l e a r ly  d i s t in g u i s h  betw een m ain tenance  a c t i v i t i e s  and non­
m ain tenance  o r  im provem ent and c o n s t r u c t io n  a c t i v i t i e s ,  f u r th e r  c l a r i ­
f i c a t i o n  in  t h i s  re g a rd  h as  been  p ro v id e d  by AASHO. A s im i la r  d e f i n i ­
t i o n  g iv en  by th e  L o u is ia n a  D epartm ent o f  Highways (36) s t a t e s  t h a t ,  
" o b je c t iv e s  o f  th e  m ain ten an ce  fu n c tio n s  a r e :  (1) to  p re s e rv e  th e
in v e s tm en ts  made in  S ta te  h ighw ays, b r id g e s  and a p p u r te n a n c e s , (2) to  
p ro v id e  ad eq u a te  le v e l s  o f  s a f e t y ,  com fo rt and conven ience  to  m o to r i s t s ,  
and (3) to  in s u re  economy in  e x p e n d itu re  o f  r e s o u r c e s ."  M aintenance 
a c t i v i t y  a tte m p ts  to  d e c re a se  th e  g ra d u a l lo s s  o f th e  fu n c t io n a l  s e r ­
v i c e a b i l i t y  o f  any highway w ith  tim e . Thus th e  p r in c ip a l  o b je c t iv e  of 
highway m ain tenance  i s  to  red u ce  th e  r a t e  o f  d e t e r i o r a t i o n  o f  th e  h ig h ­
way system  so  t h a t  s a f e  and s a t i s f a c t o r y  t r a n s p o r ta t io n  s e r v ic e s  can be 
p ro v id e d  f o r  a maximum le n g th  o f tim e . As th e  s e r v ic e  l i f e  o f  a
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highway i s  in c r e a s e d ,  s m a l le r  e x p e n d itu re s  w i l l  be  re q u ire d  f o r  im prove­
ment and r e c o n s t r u c t io n  th u s  te n d in g  to  d e c re a se  th e  t o t a l  o v e r a l l  
e x p e n d itu re  o v e r th e  l i f e  o f th e  f a c i l i t y .  To make a  c l e a r  d i s t i n c t i o n  
betw een m a in te n an c e , im provem ent and r e c o n s t r u c t io n  i s  q u i t e  d i f f i c u l t  
and g e n e r a l ly  th e  d i s t i n c t i o n ,  i f  an y , depends on th e  d e f i n i t i o n  o f  th e  
highway agency co n cern ed .
3 .2  Causes o f  In a d e q u a te  Highway M aintenance
N eg lec t and th e  la c k  o f  ad eq u a te  m ain tenance  have been  th e  m ajo r 
cau ses  o f  r a p id ly  in c re a s in g  highway m ain tenance  e x p e n d itu re s . In ad e ­
q u a te  m ain tenance  n o t on ly  d e c re a se s  th e  e f f e c t iv e  s e r v ic e  l i f e  o f  a  
roadw ay, b u t  a ls o  te n d s  to  c r e a te  h a za rd s  to  t r a f f i c  s a f e ty  and co m fo rt. 
In  1960, th e  Ohio D epartm ent o f  Highway Needs Study p o in te d  o u t some o f 
th e  re a so n s  and causes o f  n e g le c t  and in a d e q u a te  m a in ten an ce . Reasons 
s im i la r  to  th o s e  n o ted  In  th e  Ohio s tu d y  a re  quo ted  below  from M ann's 
s tu d y  (1 9 ) :
1 . Lack o f funds needed  to  make tim e ly  re p lacem en t by re c o n ­
s t r u c t i o n  r a th e r  th a n  m a in ta in  in a d e q u a te  roadw ays. The 
m ain ten an ce  o f  o b s o le te  and In a d e q u a te  f a c i l t i t i e s  i s  a  w a s te ­
f u l  p r a c t i c e  w hich u ses  m ain tenance  funds w hich a re  needed 
and sh o u ld  be  u sed  to  m a in ta in  highway f a c i l i t i e s  w hich a r e
a t  l e a s t ,  i n  a  to l e r a b l e  c o n d i t io n .
2 . Lack o f  funds to  make tim e ly  equipm ent re p la c e m e n ts .
The c o s t  o f  k eep ing  w o rn -o u t, o b s o le te  equipm ent i n  s e r ­
v ic e  i s  h ig h  and c o n tr ib u te s  to  i n e f f i c i e n t  o p e r a t io n s .
3 . The fo rc e d  n e g le c t  o f  m ain ten an ce  and r e p a i r  r e s u l t in g  
from  manpower and m a te r ia l  s h o r ta g e s  o ccu rin g  d u r in g  th e  
tim es  o f n a t io n a l  em ergencies a n d , in  th e  c a se  o f  m a t e r i a l s , 
som etim es r e s u l t in g  from th e  la b o r  d i f f i c u l t i e s .
4 . In  th e  case  o f s t a t e  h ighw ays, th e  t r a n s f e r  in  th e  p a s t  
o f  a  c o n s id e ra b le  m ileag e  o f coun ty  (p a r is h )  ro ad s to  th e  
B ta te  system  w ith  l i t t l e  o r  no p ro v is io n  fo r  th e  c o s t  o f 
added m a in ten an ce , r e p a i r  o r  re p la ce m e n t. In  L o u is ia n a  t h i s  
problem  i s  b e in g  p a r t i a l l y  overcome by  a scheme whereby a
25
highway d i s t r i c t  t r a d e s  one s e c t io n  f o r  a n o th e r .  In  t h i s  
c a s e ,  th e  p a r i s h  i s  th e n  ask ed  to  assume m ain ten an ce  o f  th e  
ro ad  i t  r e c e iv e s  in  t r a d e .
5 . C o n s ta n tly  in c r e a s in g  c o s ts  o f  l a b o r ,  m a te r ia l s  and 
equipm ent n o t covered  by o r  ta k e n  in to  c o n s id e ra t io n  fo r  
p r o p o r t io n a te  In c re a s e s  i n  fu n d s .
6 . Lack of p o p u la r  su p p o r t  f o r  th e  m ain ten an ce  program .
The g r e a t e s t  p o p u la r  su p p o rt w i l l  c o n tin u e  to  be g iv e n  to  
th e  c o n s tr u c t io n  o f new highway f a c i l i t i e s .
7 . F a i lu r e  o f th e  r a t e  o f  rep lacem en t to  keep pace  w ith  th e  
an n u a l r a t e  o f  t r a f f i c  and lo a d  I n c r e a s e s .  In c re a s in g  m ain­
te n an c e  c o s ts  have r e s u l te d  in  p ro p o r t io n  to  th e s e  r a t e s  o f  
in c r e a s e .
8 . N eg lec t in  m a in ta in in g  new highway f a c i l i t i e s ,  o f te n  
th e  r e s u l t  o f th e  f a l l a c y  th a t  a  new highway does n o t 
r e q u i r e  m a in ten an ce . Lack o f  p re v e n t iv e  m ain ten an ce  in  
such  c a se s  has o f te n  c re a te d  an  im m ediate need f o r  more 
ex p en siv e  m ain ten an ce  o p e r a t io n s .
9 . Lack o f  m ain tenance-m inded  e n g in e e rs  and la c k  o f  main­
te n an c e  m indedness on th e  p a r t  o f  p u b l ic  o f f i c i a l s ,  p o s s ib ly  
as a  r e s u l t  o f th e  e n g in e e r s ' f a i l u r e  to  p ro p e r ly  in fo rm  th e  
p u b l ic  o f f i c i a l s  o f  m ain tenance  n eed s .
The problem s o f  in a d eq u a te  m ain ten an ce  stem  from th e  absence  o f 
a w e l l  d e f in e d  a d eq u a te  m ain ten an ce  p o l ic y  t h a t  fo llo w s  a  un ifo rm  s e t  
o f  q u a l i t y ,  q u a n t i ty  and perfo rm ance  s ta n d a rd s .  The ab sen ce  o f such 
s ta n d a rd s  g r e a t ly  h in d e rs  th e  r e a l i s t i c  e s t im a t io n  o f m ain tenance  n eed s . 
As a r e s u l t ,  u n d e r-m a in ten an ce  becomes q u i t e  common. On th e  o th e r  han d , 
o v e r-m a in ten an ce  cau ses  u n n e ce ssa ry  e x p e n d itu re s .
M aintenance and m ain tenance  a c t i v i t i e s  have b road  and v a r ie d  
m ean ings. Such a complex a c t i v i t y  needs p ro p e r  i d e n t i f i c a t i o n  o f th e  
d i f f e r e n t  c la s s e s  o f  a c t i v i t i e s  re q u ire d  to  p e rfo rm  ad eq u a te  m ain tenance
o f a  roadway.
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3 .3  Roadway C l a s s i f i c a t i o n
The f i r s t  s te p  In  d ev e lo p in g  v a r io u s  m ain ten an ce  s ta n d a rd s  l a  to  
c l a s s i f y  th e  th o u san d s o f m ile s  o f  highw ays I n to  some d lB t ln c t  fu n c ­
t i o n a l  c a te g o r ie s .  I n  t h i s  I n v e s t ig a t io n ,  th e  e x i s t in g  f u n c t io n a l  
c l a s s i f i c a t i o n  o f highw ays in  L o u is ia n a  h as  b een  ad o p ted . Based on th e  
av erag e  d a l ly  t r a f f i c  volume and th e  l e v e l  o f  s e r v ic e  p ro v id e d , th e  
fo llo w in g  system  c l a s s i f c a t i o n s  a r e  made:
1 . I n t e r s t a t e  sy s te m s .
2 . P rim ary  sy s te m s .
3 . Secondary sy s te m s .
4 . F a rm -to -m ark e t sy stem s.
The o rd e r  in  w hich  th e s e  system s a r e  p la c e d  a ls o  r e f l e c t  t h e i r  
Im portance  in  th e  t o t a l  system  in  te rm s o f  m ain ten an ce  re q u ire m e n ts . 
C la s s i f i c a t i o n  in  te rm s o f s u r f a c e  ty p e  I s  a l s o  e s s e n t i a l ,  s in c e  s u r fa c e  
ty p e  in f lu e n c e s  th e  m ain tenance  re q u ire m e n ts  to  th e  g r e a t e s t  e x te n t .
In  t h i s  r e s e a r c h ,  th r e e  c la s s e s  o f  s u r f a c e  ty p e s  a re  c o n s id e re d :
1 . P o r tla n d  cem ent c o n c re te .
2 . B itum inous s u r fa c e  t r e a t e d .
3 . G rav e l o r  s h e l l .
D i f f e r e n t  s u r f a c e  ty p e s  r e q u i r e  d i f f e r e n t  m ain tenance  o p e ra t io n s  
and I t  I s  n e c e s sa ry  to  develop  d i f f e r e n t  m ain tenance  s ta n d a rd s  f o r  each 
o f them.
3 .4  C a te g o r ie s  o f  Highway M aintenance
I t  sh o u ld  be em phasized th a t  th e  t o t a l  highway m ain ten an ce  expen­
d i tu r e  I s  th e  sum o f th e  in d iv id u a l  c a te g o r ie s  o f e x p e n d itu re s . Each 
In d iv id u a l  u n i t  In  th e s e  c a te g o r ie s  ta k e s  I n to  acco u n t a p a r t i c u l a r
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a s p e c t  o f  th e  o v e r a l l  m a in tenance  req u ire m e n t and I s  co m p le te ly  Indepen­
d e n t o f  a l l  o th e r s .  To f a c i l i t a t e  a  m a th em atica l a n a ly s is  o f  th e  o v e r­
a l l  m ain tenance  p ro b lem , th e r e  i s  a  need to  i d e n t i f y  such In d ep en d en t 
c a te g o r ie s  o f  e x p e n d itu re  w hich can  be s e p a r a te ly  r e l a t e d ,  o r  a t  l e a s t  
a p p ro x im a te ly , to  a  p a r t i c u l a r  c l a s s  o f v a r i a b l e s .  As an exam ple, th e  
v a r i a b l e s  t h a t  in f lu e n c e  e x p e n d itu re s  made on p a tc h in g  s u r f a c e s  do n o t 
n e c e s s a r i ly  in f lu e n c e  e x p e n d itu re s  f o r  d ra in a g e  m a in ten an ce . The 
L o u is ia n a  D epartm ent o f  Highways h a s  c a te g o r iz e d  i t s  m ain ten an ce  r e q u ir e ­
m ents and t h i s  c l a s s i f i c a t i o n ,  w ith  some d e le t io n s  and m o d if ic a t io n s ,  
i s  ad o p ted  f o r  t h i s  in v e s t ig a t i o n .  The c l a s s i f i c a t i o n  o f m ain tenance  
fu n c t io n s  adop ted  by th e  L o u is ia n a  D epartm ent o f  Highways i s  a s  fo llo w s :
1 . S u rface  M ain ten an ce .
2 . Shoulder and Approach M ain tenance .
3 . R oadside and D rainage M ain tenance .
4 . S t r u c tu r e  M ain tenance  (o v e r 20 fo o t  sp a n ) .
5 . T r a f f ic  S e rv ic e  M ain ten an ce .
6 . R iv er C ro ss in g  O p e ra tio n s  M ain tenance .
7 . U nusual and D is a s te r  M ain tenance ,
8 . S ta te  F o rce  C o n s tru c tio n .
9 . M aintenance O verhead .
10. S e rv ic e  C e n te rs  and C le a r in g  A ccoun ts .
11. A d m in is tr a t io n .
In  t h i s  in v e s t i g a t i o n ,  u n u su a l and d i s a s t e r  m ain tenance  and expen­
d i t u r e s  due to  s t a t e  fo r c e  c o n s t r u c t io n  a re  d e le te d  from c o n s id e r a t io n .  
The e x p e n d itu re s  f o r  d i s a s t e r  m ain tenance  a re  in  g e n e ra l  h ig h ly  u n cer­
t a i n  in  n a tu re  and a r e  n o t a f f e c te d  by changes in  m ain tenance  management 
p o l i c i e s .  The e x p e n d itu re s  made f o r  s t a t e  fo rc e  c o n s t r u c t io n ,  as th e
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name im p l i e s , can be c l a s s i f i e d  a s  im provem ent o r  c o n s t r u c t io n  a c t i v i ­
t i e s  r a t h e r  th a n  r e g u la r  m ain tenance  a c t i v i t i e s .  A d e t a i l e d  e x p lan a ­
t io n  o f th e  o th e r  m a in ten an ce  c a te g o r ie s  and r e l a t e d  work fu n c t io n s  i s  
g iv en  In  th e  sub seq u en t s e c t io n s .
3 .5  S u rfa c e  M aintenance
As can  be seen  from  F ig u re  3 .1 ,  a  c o n s id e ra b le  p o r t io n  o f  th e  
t o t a l  m ain tenance  e x p e n d itu re  i s  b e in g  u t i l i z e d  i n  r e s u r f a c in g  and p re ­
s e rv in g  pavem ent s u r f a c e s . A pproxim ately  15 to  25 p e rc e n t  o f  th e  t o t a l  
s t a t e  m ain tenance  funds a r e  sp en t in  t h i s  p a r t i c u l a r  m ain tenance  
o p e ra t io n .  When an a ly zed  a s  an in d iv id u a l  u n i t ,  th e  u rb an  highways 
consume m ore ( in  p e rc e n ta g e )  e x p e n d itu re s  th an  do th e  r u r a l  h ighw ays. 
T his i s  a t t r i b u t a b l e  to  th e  f a c t  t h a t  t r a f f i c  d e n s i t i e s  i n  u rb an  a re a s  
a re  h ig h e r  g iv in g  r i s e  to  in c re a s e d  number o f  b ra k e  a p p l ic a t io n s  and 
sudden a c c e le r a t io n  c h a n g e s , th u s  in c r e a s in g  th e  w ear and t e a r  o f  th e  
pavement s u r fa c e  s u b s t a n t i a l l y .  M oreover, th e  h ig h  d e n s i ty  o f t r a f ­
f i c  in  u rb a n  a re a s  c a u se s  a d d i t io n a l  d e la y s  and d is tu rb a n c e s  in  th e  
perfo rm ance o f  th i s  m a in ten an ce  a c t i v i t y .
F o r g ra v e l  and s h e l l  ro a d s , p a tc h in g ,  d ra g g in g , b la d in g ,  o i l  
tre a tm e n t and p r o te c t io n  and h a n d lin g  o f t r a f f i c  a r e  th e  u s u a l n e ce s ­
s i t i e s .  The su r fa c e  m ain ten an ce  o f b itu m in o u s s u r f a c e - t r e a t e d  roads 
in v o lv e s  p a tc h in g , d ra g g in g , j o i n t  and c ra c k  s e a l i n g ,  m udjacklng  and 
u n d e r s e a l in g ,  s c a r i f y in g  and re m ix in g , p a tc h in g  blow ups and s p a l l s ,  
re p la c in g  in  k in d s , o c c a s io n a l  r e s u r f a c in g  and p r o t e c t io n  and h a n d lin g  
o f  t r a f f i c .  S im ila r  a c t io n s  a re  needed f o r  m a in ta in in g  th e  c o n c re te  
highway s u r f a c e s .  M ain tenance  o f b itu m in o u s s u r f a c e - t r e a te d  roadways 
c a r ry  more t r a f f i c  th a n  do th e  lo w -ty p e  s u r fa c e s  and th e  e f f e c t  o f 
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F ig u re  3 .1  C a te g o r ic a l  M aintenance E x p en d itu re  f o r  th e  
S ta t e  o f  L o u is ia n a .
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and blowups In  h ig h - ty p e  s u r f a c e s  r e q u i r e  a d d i t io n a l  c a r e  In  r e p a i r .  
T ab le  3 .1  l i s t s  th e  m ain tenance  work fu n c tio n s  used  by th e  L o u is ian a  
D epartm ent o f  Highways f o r  b itu m in o u s s u r fa c e  m ain ten an ce . T ab les  3 .2  
and 3 .3  l i s t  th e  m ain tenance  fu n c tio n s  re q u ire d  fo r  th e  m ain tenance  o f 
c o n c re te  s u r fa c e s  and g ra v e l  and s h e l l  s u r fa c e s  r e s p e c t iv e ly .
The d i s t r i b u t i o n  o f  e x p e n d itu re s  among la b o r , m a te r ia l  and equ ip ­
m ent in  s u r fa c e  m ain tenance  o p e ra tio n s  i s  more o r l e s s  even ly  ba lan ced  
f o r  d i f f e r e n t  s u r fa c e s  w ith  la b o r  consuming th e  most and equipm ent 
consuming th e  l e a s t .  A lso , th e  same type  o f  m a te r i a l s ,  equipm ent and 
m ethods a re  u s u a lly  employed fo r  s u r fa c e  m ain tenance as  w e ll  a s  fo r  
s u r f a c e  c o n s tr u c t io n .
TABLE 3 .1
MAINTENANCE FUNCTIONS FOR BITUMINOUS SURFACES
„ C°? C F u n c tio n  Measurement
Number U n it
411 S u rface  tre a tm e n t p a tch in g Cubic y a rd s  o f a g g re g a te
412 Prem ix p a tc h in g Tons o f prem ix
413 P a tch in g  b a se Cubic y a rd s  of m a te r ia l
414 Crack r e p a i r G allons o f  f i l l e r
415 S ea l c o a t M iles s e a le d
416 Prem ix le v e l in g Tons o f prem ix
417 Spot s u r fa c e  rep lacem en t Tons o f  prem ix
418 S lu r ry  s e a l M iles s e a le d
419 O ther b itu m in o u s s u r fa c e
m aintenance
TABLE 3 .2





421 P a tch in g  S u rface Cubic y a rd s  o f  a g g re g a te
422 Prem ix p a tc h in g Tons o f  prem ix
424 Crack r e p a i r G a llo n s  o f f i l l e r
425 J o in t  r e p a i r 100 l i n e a r  f e e t  o f  j o i n t
429 O ther c o n c re te  s u r fa c e  
m aintenance
TABLE
MAINTENANCE FUNCTIONS FOR 1
3 .3
SRAVEL OR SHELL SURFACES
Code
Number
F unction MeasurementU nit
431 P a tch in g  s u r fa c e Cubic y e a rs  o f  a g g re g a te
432 R eshaping s u r fa c e M iles b laded
433 R es to rin g  s u r fa c e Cubic y ards o f  m a te r ia l
439 O ther g ra v e l o r  s h e l l  
s u r fa c e  m ain tenance
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3 .6  S h o u ld e r  and A pproach M ain ten an ce
T h is  c a te g o ry  o f  m a in ten an ce  a l s o  consum es a  c o n s id e ra b le  p o r t i o n  
o f  th e  t o t a l  highw ay m a in te n an c e  e x p e n d i tu re .  S im ila r  to  s u r f a c e  ty p e  
m a in te n a n c e , th e  ty p e  o f  s h o u ld e r  a l s o  In f lu e n c e s  th e  m agn itude  o f  th e  
m a in ten an ce  re q u ire m e n ts .  F o r paved s h o u ld e r s ,  edge j o i n t  s e a l i n g ,  s p o t  
p a tc h in g ,  r e s e a l i n g ,  s l u r r y  s e a l ,  b itu m in o u s  b la n k e t in g  and v a r io u s  
r e s u r f a c in g  o p e r a t io n s  a r e  v e ry  common. U su a lly  h a n d -p la c e d  o r  m ach in e- 
p la c e d  c o ld  mix o r  h o t  m ix a re  u sed  t o  r e p a i r  s m a ll  p a tc h e s .  V a rio u s  
im proved p ro c e d u re s  have  b een  d ev e lo p ed  to  r e p a i r  edge j o i n t s  and c r a c k s .  
O c c a s io n a lly  s h o u ld e r s  d ro p  away from  th e  pavem ent s u r f a c e  r e q u i r in g  
s p e c ia l i z e d  c o a t in g  te c h n iq u e s  f o r  r e p a i r .  However, th e  ty p e  o f  w ork 
needed i s  e s s e n t i a l l y  d ep en d en t on th e  ty p e  o f  s h o u ld e r  to  be  m a in ta in e d .
N on-paved sh o u ld e r  m a in ten an ce  1b v e ry  much in f lu e n c e d  by th e  s o i l  
c h a r a c t e r i s t i c s  o f  th e  s h o u ld e r ,  c l im a t i c  c o n d i t io n s  o f  th e  l o c a l i t y  
and o b v io u s ly  on th e  e x te n t  o f  u s e .  M ajor work f u n c t io n s  f o r  t h i s  c l a s s  
a r e  p a tc h in g  d e p r e s s io n s ,  r e - s e e d in g ,  r e - s o d d in g  and g ra s s  mowing on 
s h o u ld e r s  and o c c a s io n a l  b la d in g  o f  th e  s h o u ld e r  s u r f a c e  in  p ro p e r  
w e a th e r  t o  keep  i t s  l e v e l  s im i l a r  to  t h a t  o f  th e  roadway s u r f a c e .  For 
non-paved  s h o u ld e r s ,  m a in te n an c e  i s  m o s tly  a  la b o r  and equipm ent 
o r ie n te d  o p e r a t io n .  T a b le  3 .A l i s t s  th e  m a in te n an c e  work f u n c t io n s  in  
t h i s  c a te g o ry  t h a t  a r e  fo llo w e d  in  L o u is ia n a .
3 .7  R o ad sid e  and D ra in ag e  M ain tenance
The m ost im p o r ta n t f a c t o r  t h a t  e f f e c t s  r o a d s id e  and d ra in a g e  
m a in ten an ce  re q u ire m e n ts  a r e  th e  t y p i c a l  c h a r a c t e r i s t i c s  a t t r i b u t e d  to  
th e  c l im a t i c  and to p o g ra p h ic  c o n d i t io n s  o f  th e  a r e a  th ro u g h  w hich  th e  
highway i s  c o n s t r u c te d .  A p a r t  o f  th e  e x p e n d itu re  can  a ls o  be a t t r i ­
b u ted  to  t h e  e x te n t  t o  w hich th e  roadw ay s e c t io n  i s  u se d , i . e . ,  ADT.
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TABLE 3 .4
MAINTENANCE FUNCTIONS FOR SHOULDERS AND APPROACHES
Code
Number F u n c tio n
M easurem ent
U n it
411 P a tc h in g  non-paved 
sh o u ld e rs
Cubic y a rd s  o f m a te r ia l
442 R eshaping non-paved 
sh o u ld e rs
M iles b la d e d
443 R e s to r in g  non-paved 
sh o u ld e rs
Cubic y a rd s  o f  m a te r ia l
451 S u rfa ce  tre a tm e n t p a tc h in g  
sh o u ld e rs
Cubic y a r d s  o f  a g g re g a te
452 Prem ix p a tc h in g  sh o u ld e rs Tons o f  prem ix
453 S ea l c o a t  sh o u ld e rs M iles s e a le d
455 S lu r ry  s e a l M iles s e a le d
459 O th er s h o u ld e r  m ain ten an ce
V e g e ta tio n  c o n t r o l  I s  th e  m ost Im p o rtan t f a c t o r  In  t h i s  c a te g o ry  
o f m a in ten an ce . G rass mowing on th e  r ig h t-o f -w a y  and o c c a s io n a l r e ­
see d in g  o r  re -so d d in g  a r e  th e  m ost e x p en s iv e  ite m s . Weed c o n tro l  by 
c u t t i n g ,  p low ing  o r  sp ra y in g  w ith  weed k i l l e r  i s  f r e q u e n t ly  n e c e s s a ry . 
Where s id e - s lo p e  e ro s io n  c o n tr o l  i s  a c r i t i c a l  f a c t o r ,  r e - s e e d in g ,  r e -  
so d d in g , p la n t in g  t r e e s  and sh ru b s  and t h e i r  a p p r o p r ia te  m ain tenance  
m ust be  done . Many chem ica ls  and m ech an ica l c u t t e r s  and mowers have  
been  developed  to  red u ce  th e  c o s t  o f  ro a d s id e  developm ent and m ain­
te n a n c e . Many s t a t e s  have developed  optimum schemes f o r  mowing and weed 
c o n t r o l  o p e r a t io n s .
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A n o th er im p o rtan t f a c to r  i s  t h a t  o f  c le a r in g  th e  roadw ay s u r fa c e  
o f  w a te r ,  sed im en t and d e b r is  d e p o s ite d  d u r in g  heavy w a te rf lo w .
D itc h e s , c a tc h b a s in s ,  m inor s t r u c t u r e s ,  d rop  i n l e t s ,  c u l v e r t s ,  p ip e s  
and o th e r  w a te r  c a r ry in g  s t r u c tu r e s  m ust be a d e q u a te ly  m a in ta in e d  to  
in s u re  th e  p ro p e r  o u tf lo w  o f  w a te r .  D itc h e s  and c a tc h b a s in s  o f te n  
need m ach in ing  and c le a n in g .  ‘ Landscape m ain ten an ce  and l i t t e r  rem oval 
a re  o th e r  n e c e s sa ry  m a in ten an ce  o p e ra t io n s  to  be accom plished  in  t h i s  
c a te g o ry .
A lthough  th e re  w i l l  be  l i t t l e  d i f f e r e n c e  in  th e  amount and type  
o f work needed fo r  d i f f e r e n t  ty p es  o f  h ighw ays, some e x t r a  c le a n in g  o f  
d ra in a g e  f a c i l i t i e s  may be  needed on g ra v e l  ro a d s  s in c e  th e  g ra v e l 
m a te r ia ls  removed from  th e  roadway by th e  a c t io n  o f t r a f f i c  g e n e ra l ly  
f in d  t h e i r  way to  s id e  d i tc h e s  and c u lv e r t s  and may ten d  to  accumu­
l a t e  t h e r e .  T e r r a in  s lo p e s  and a v e rag e  p r e c i p i t a t i o n  ap p ea r to  have 
th e  g r e a t e s t  e f f e c t  on t h i s  ty p e  o f  m ain tenance  e x p e n d itu re . T ab le  3 .5  
g iv e s  th e  d e s c r ip t i o n  o f a l l  th e  m ain tenance  work fu n c tio n s  w hich f a l l  
i n  th e  ro a d s id e  and d ra in a g e  m ain tenance  c a te g o ry .
3 .8  S t r u c tu r e  M aintenance
T h is  c a te g o ry  o f  m ain ten an ce  in v o lv e s  r e p a i r in g  lo n g  sp an  b r id g e s  
(o v e r 20 f e e t ) ,  o v e rp a s s e s , u n d e rp a ss e s , m ovable b r id g e s ,  f e r r y  ram ps, 
tu n n e ls ,  r e t a in in g  w a l l s ,  long  c u lv e r t s  and o th e r  m ajor e le v a te d  
s t r u c t u r e s .  B ridges a r e  an  im p o rta n t p a r t  o f  th e  L o u is ia n a  highway 
system  and r e g u la r  m ain ten an ce  o f them i s  v i t a l  f o r  u n d is tu rb e d  t r a f f i c  
movement.
S t r u c tu r e  m ain tenance  c o s ts  a r e  p r im a r i ly  dependent on th e  number 
and ty p e  o f s t r u c tu r e s  to  be m a in ta in ed  a long  th e  highway s e c t io n .
There a r e  a b o u t 60 d i f f e r e n t  s t r u c tu r e  ty p e s  and ov er 2000 m ajo r
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TABLE 3 .5





461 E ro sio n  c o n tro l  and r e p a i r
462 Clean and r e p a i r  d ra in a g e  s t r u c tu r e s
463 C lean and re sh ap e  d i tc h e s M iles c leaned
464 M achining d i tc h e s M iles machined
470 Mowing A cres mowed
471 C u ttin g  b ru sh
472 Landscape m ain tenance —
473 L i t t e r  c le a n in g  ro a d s id e C ubic y a rd s  hau led
474 S e rv ice  l i t t e r  b a r r e l s B a r re ls  served
476 H erb ic id e  a p p l ic a t io n A cres sprayed
479 O ther ro a d s id e  and d ra in a g e  
m ain tenance
s t r u c tu r e s  m ain ta ined  In  th e  S ta te  o f L o u is ia n a . The m a jo r i ty  o f th e se  
s t r u c tu r e s  f a l l  In  th e  c a te g o ry  o f  c o n c re te  and s t e e l  s t r u c tu r e s .  How­
e v e r , tim b e r spans and tim b e r t r e s t l e s  su p p o rted  on s t e e l  members a re  
a ls o  q u i te  common in  L o u is ia n a . For s t e e l  and tim ber s t r u c t u r e s ,  r u s t  
c le a n in g  and p a in t in g  a re  th e  u su a l n e ed s . Minor r e p a i r s  o f j o i n t s ,  
rep lacem en t o f r a i l s  o r  rep lacem en t o f  s t e e l ,  tim ber o r  c o n c re te  members 
a re  o f te n  n e ce ssa ry  to  in s u re  s t r u c t u r a l  i n t e g r i t y  o r  perform ance 
c a p a b i l i t i e s .  M ajor item s such a s  r e p a i r in g  p a r t i a l  f a i l u r e s  o f s t r u c ­
tu re s  and th e  re b u ild in g  o f In ad eq u ate  s t r u c tu r e s  demand a la rg e  sh a re  
o f  t h i s  ty p e  o f e x p e n d itu re . R ep a irin g  r e ta in in g  w a lls  i s  o f te n  done
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to  p re s e rv e  s t r u c t u r a l  I n t e g r i t y  o r  to  c o r r e c t  s t r u c t u r a l  in a d e q u a c ie s . 
B ridge  deck  r e p a i r  te ch n iq u es  a r e  s im i la r  to  th o se  f o r  pavem ent r e p a i r  
and vary  from  f u l l - d e p t h  c o n c re te  p a tc h e s  to  th e  v a r io u s  ty p es  o f  
b itu m in o u s  r e p a i r s .
Labor and equipm ent a r e  th e  p rim ary  c o s t s  o f s t r u c t u r a l  m a in te ­
nance w ith  l a b o r  r e q u i r in g  50 to  75 p e rc e n t  o f  th e  c o s t .  A d e t a i l e d  
l i s t  o f a l l  th e  m ajo r work fu n c t io n s  in  t h i s  c a te g o ry  i s  g iv en  in  
T ab le  3 .6 .
TABLE 3 .6
MAINTENANCE FUNCTIONS FOR STRUCTURES
Code
Number F u n c tio n
M easurement
U n it
481 P a in t in g  s t r u c t u r e s
482 F oundation  r e p a i r
483 S t r u c t u r a l  r d p a i r
484 Deck and r a i l  r e p a i r
485 R ep a ir  movable sp an
mechanisms
486 Channel r e p a i r  and
p r o te c t io n
487 T unnel r e p a i r
488 F e rry  ramp r e p a i r
489 D a lly  b r id g e
490 In s p e c tio n  o f s t r u c tu r e s
and b r id g e s
G a llo n s  o f  p a in t
499 O ther s t r u c t u r e  m ain tenance
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3 .9  T r a f f i c  S e rv ic e  M aintenance
The Im p o rtan t o p e ra t io n s  w h ich  f a l l  In  t h i s  m ain ten an ce  c a te g o ry  
a r e  p a in t in g  of s t r i p e s  and m a rk in g s , r e p a i r in g ,  m a in ta in in g  g u ard  
r a i l s  and r ig h t-o f -w a y  fen ces  and o p e ra t io n  and m ain tenance  o f  r e s t  
a r e a s .  The m ajor p o r t i o n  o f t h i s  e x p e n d itu re  i s  in c u r re d  i n  th e  
p a in t in g  and m arking fu n c t io n s .  S e rv ic e s  r e s u l t i n g  from  a c c id e n ta l  
damages and l i t t e r  rem oval f a l l  I n t o  t h i s  c a te g o ry  o f  m a in ten an ce . 
A lthough  th e  t o t a l  e x p e n d itu re  i n  t r a f f i c  s e r v ic e  m ain tenance  fu n c t io n s  
i s  o n ly  a  sm all p a r t  o f  th e  t o t a l  m ain tenance  e x p e n d i tu re ,  i t  I s  v i t a l  
to  t h e  s a f e t y ,  c o m fo rt and s e r v i c e  p ro v id ed  by th e  highway s e c t io n .
T ab le  3 .7  l i s t s  th e  work fu n c t io n s  t h a t  a re  u s u a l ly  in c lu d e d  In  t h i s  
c a te g o ry  o f m a in ten an ce .
3 .1 0  R iv e r C ro ssin g  O p era tio n s  M aintenance
The S ta te  o f  L o u is ia n a  h a s  q u i t e  a number o f  m ovable sp an  b r id g e s  
and f e r r y  c ro s s in g  p o ln tB . A few  o f  th e  m ovable span  b r id g e s  a re  
e l e c t r i c a l l y  o r  h y d r a u l ic a l ly  o p e ra te d  and th e  rem ainder a r e  m anually  
o p e r a te d .  The t o t a l  number o f  m an u a lly  o p e ra te d  b r id g e s  and th e  number
of te n d e r s  employed d i c t a t e  th e  e x p e n d itu re  f o r  t h i s  m ain ten an ce  c a te ­
g o ry . The number o f  f e r r y  c ro s s in g  p o in t s ,  th e  f e r r y  c a p a c i t i e s  and
th e  number o f f e r r y  te n d e rs  em ployed govern th e  e x p e n d itu re  due to
f e r r y s .  There a r e  o n ly  two m a jo r tu n n e ls  in  L o u is ia n a  and th e  expend i­
tu r e  on  them i s  v e ry  s m a ll. The t o t a l  number o f  v e h ic le s  u s in g  th e  above 
f a c i l i t i e s  i s  an Im p o rta n t f a c to r  i n  d e te rm in in g  th e  l e v e l  o f  m a in te ­
nance  r e q u ir e d .  The work f u n c t io n s  f o r  r i v e r  c ro s s in g  o p e ra t io n s  a r e  
shown i n  T able 3 .8 .
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TABLE 3 .7
MAINTENANCE FUNCTIONS FOR TRAFFIC SERVICES
Code
Number
F u n c tio n Measurement
U nit
511 Snow and Ic e  c o n tr o l
531 Pavement s t r ip p in g M iles  p a in te d
532 S ig n a l m ain tenance I n s t a l l a t i o n  s e r v ic e
533 Sign m ain tenance I n s t a l l a t i o n  s e r v ic e
534 Guard r a i l s  and g u ide  
p o s t s ,  e t c . ,  r e p a i r
535 R eco n d itio n  s ig n a l  p a r t s
538 Highway l ig h t in g
540 R eco n d itio n  guard r a i l s L in ea r f e e t  s t r a ig h te n e d
541 R eco n d itio n  s ig n  p o s ts L in ea r f e e t  s t r a ig h te n e d
557 O peratio n  o f r e s t  a re a s
559 O ther t r a f f i c  s e r v ic e s
TABLE 3 .8
MAINTENANCE FUNCTIONS FOR RIVER CROSSING OPERATIONS
Code
Number F u n c tio n
Measurement
U nit
561 O p era tion  o f  f e r r y s
563 O pera tion  o f movable b r id g e s
564 O p era tion  o f tu n n e ls
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3 .1 1  M aintenance O verhead, S e rv ic e  C en te r and 
C le a rin g  A ccounts and A d m in is tra tio n
These item s make up th e  u s u a l e x p e n d itu re s  e s s e n t i a l  f o r  th e  func­
t i o n  o f m ain tenance p lan n in g  and o p e ra t io n . In  th e  L o u is ian a  R ep o rtin g  
System , most o f th e  e x p e n d itu re s  in c u rre d  in  s e r v ic e  c e n te r  and c le a r in g  
a cc o u n ts  a r e  u s u a lly  d i s t r i b u t e d  in to  o th e r  work fu n c t io n s .  The main­
te n an c e  fu n c tio n s  re p o r te d  i n  t h i s  c a te g o ry  a re  shown i n  T ab le  3 .9 .
TABLE 3 .9
MAINTENANCE FUNCTIONS FOR MAINTENANCE OVERHEAD, SERVICE 
CENTER AND CLEARING ACCOUNTS AND ADMINISTRATION
Code
Number F u n c tio n
651 F ie ld  m ain tenance  overhead
652 A ggregate  h a u lin g  and s to c k p i l in g
653 M a te r ia l  h a n d lin g  and s to c k p i l in g
655 F ie ld  m ain tenance  s tandby  tim e
660 M aintenance u n i t s
661 Small to o ls  and m inor equipm ents
662 T e s tin g  m ain tenance m a te r ia ls
665 Radio com m unication
666 M isce llan eo u s e l e c t r i c a l  m ain tenance
667 T ra in in g
668 T rav e l (change o f work lo c a t io n s )
680 C ity  c o n tra c ts
699 O ther m ain tenance g e n e ra l  fu n c tio n s
706 Land Improvements
707 B u ild in g  and improvements

























TABLE 3 .9  -  C ontinued 
F u n c tio n
Equipment shop overhead
F a b r ic a tin g  equipm ent
S e rv ic in g  equipm ent
Equipment s e r v ic e s  and In s p e c tio n s
F a b r ic a t in g  s ig n s
R eclaim ing aluminum
E l e c t r i c a l  shop and f i e l d  s e r v ic e
Sign shop overhead
F a b r ic a tin g  s ig n s
T ra n s fe r  o f s ig n s
T ra n s fe r  o f D i s t r i c t  s e c t io n ,  e t c .  ( r e p a i r s )
F a b r ic a t in g  o f f i c e  f u r n i tu r e  and equipm ent 
P ro ce ss in g  co ld  mix
T ra n s fe r  to  d i s t r i c t  and s e c t io n  ( f a b r ic a te d  equipm ent) 
Annual le a v e  ( a d m in is tr a t iv e  p e rso n n e l)
S ick  le a v e  ( a d m in is tr a t iv e  p e rso n n e l)
Compensatory le a v e  (a d m in is tr a t iv e  p e rso n n e l)
O ther le av e  ( a d m in is tr a t iv e  p e rso n n e l)
A d m in is tra tio n  and o f f ic e  overhead  
C u s to d ia l s e r v ic e s  
Grounds m ain tenance 
B u ild in g  m ain tenance 
A d m in is tra tiv e  e n g in ee rin g
I
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3 .1 2  Highway M ain ten an ce  C o sts  i n  L o u is ia n a
L o u is ia n a  h as  b e en  one o f  th e  p io n e e r  s t a t e s  i n  th e  f i e l d  o f  h ig h ­
way m a in te n an c e  r e s e a r c h .  R e c e n t ly ,  a  com p reh en siv e  s tu d y  made by 
Roy J o rg e n s e n  and A s s o c ia te s  (3 0 -3 7 ) ,  a id e d  by th e  L o u is ia n a  D epartm en t 
o f  H ighw ays, has h e lp e d  to  d e v e lo p  a d e q u a te  p e rfo rm a n c e , q u a n t i ty  and 
q u a l i t y  s ta n d a rd s  f o r  a l l  c l a s s e s  o f  h ighw ays and a l l  ty p e s  o f  m ain­
te n a n c e  w ork f u n c t io n s .  A co m p le te  r e - e v a l u a t io n  h a s  b e e n  made o f  
m a in te n an c e  management p o l i c i e s .  Changes h av e  b een  made i n  th e  w ork 
d i s t r i b u t i o n  p o l i c i e s  o f  d i f f e r e n t  m a in te n an c e  g an g s. S in c e  th e  im p le ­
m e n ta tio n  o f  th e  recom m endations made i n  t h i s  s tu d y , a  c o n s id e ra b le  
r e d u c t io n  h as  ta k en  p la c e  i n  manpower. A p p re c ia b le  am ounts o f  u n d e r-  
m a in te n a n c e  and o v e r-m a in te n a n c e  have  b e en  a v o id e d . U n ifo rm ity  has 
been  a c h ie v e d  w ith  r e s p e c t  to  th e  a d e q u a te  m a in ten an ce  o f  highway 
s e c t io n s .
A c o m p ila tio n  o f  a l l  th e  e x p e n d itu re s  made i n  d i f f e r e n t  work 
f u n c t io n s  i s  shown i n  T a b le  3 .1 0 .  The summary shown h a s  b e e n  d ev e lo p ed  
on th e  b a s i s  o f a c t u a l  ex p en ses  in c u r re d  d u r in g  th e  f i s c a l  y e a r  1970-71  
in  th e  S t a t e  o f  L o u is ia n a . As can  be s e e n  from  th e  t a b l e ,  b itu m in o u s  
s u r f a c e  m a in te n a n c e , ro a d s id e  and d ra in a g e  m a in te n a n c e , m ain ten an ce  
o v e rh ead  and a d m in is t r a t io n  and e n g in e e r in g  consumed th e  m a jo r s h a re  
o f th e  t o t a l  m a in ten an ce  d o l l a r .  T r a f f i c  s e r v ic e  and r i v e r  c ro s s in g  
o p e r a t io n s  w ere a ls o  q u i t e  e x p e n s iv e . E xam ina tion  o f  T a b le  3 .1 0  shows 
t h a t  a p p ro x im a te ly  1 6 .1  p e r c e n t  o f th e  t o t a l  m a in ten an ce  e x p e n d itu re  
was made on m a in ta in in g  s u r f a c e s  o f  a l l  ty p e s  o f  h ig h w ay s. F u r th e r  
e x a m in a tio n  in d ic a te s  t h a t  s h o u ld e r  and ap p ro ach  m a in te n an c e  consumed
4 .3  p e r c e n t ;  ro a d s id e  and d ra in a g e  m a in te n a n c e , a p p ro x im a te ly  1 7 .8  
p e r c e n t ;  s t r u c t u r e  m a in te n a n c e , 5 .2  p e r c e n t ;  t r a f f i c  s e r v i c e  and r i v e r
TABLE 3.10
ANNUAL MAINTENANCE COSTS BY WORK JUNCTIONS 




(D o lla rs )
Equipment
R en ta l
(D o lla rs )
M a te r ia ls  and 
S u p p lies  
(D o lla rs )
C o n tra c tu a l
S e rv ic e s
(D o lla rs )
T o ta l  Cost 
(D o lla rs )
B itum inous s u r fa c e 2 ,1 3 5 ,3 0 2 .6 0 818 ,773 .00 2 ,5 3 6 ,7 7 3 .0 0 66,486.51 5 ,5 5 7 ,5 4 0 .3 1
C oncrete  s u r fa c e 299,023.47 173 ,574 .21 147 ,654 .38 11 ,384 .71 631,636.77
G ravel o r  s h e l l  s u r fa c e 160 ,263.49 137 ,469 .32 7 4 ,6 1 1 .4 2 2 ,858 .75 375 ,202 .98
S houlder and approach 918 ,491 .00 422 ,642 .93 363 ,628 .71 2 2 ,947 .82 1 ,7 2 7 ,7 1 0 .4 6
R oadside and d ra in a g e 4 ,7 8 6 ,8 8 4 .5 0 2 ,1 5 9 ,3 5 7 .3 0 234 ,019.68 80,312 .27 7 ,2 6 0 ,5 7 3 .7 5
S tru c tu re 1 ,0 2 1 ,4 6 4 .1 0 378 ,901 .69 447 ,363 .43 239.513.73 2 ,1 3 7 ,2 4 2 .9 5
T r a f f i c  s e r v ic e 1 ,1 2 3 ,7 4 0 .5 0 382 ,590 .64 1 ,5 2 8 ,2 8 9 .1 0 165,575.80 3 ,2 0 0 ,1 9 6 .0 4
R iv er c ro s s in g  o p e ra tio n s 2 ,4 3 4 ,5 0 6 .7 0 562 ,677.87 20 ,765 .19 204,182.18 3 ,2 1 9 ,1 3 1 .9 4
Overhead 5 ,7 3 7 ,0 4 4 .6 0 612 ,824 .08 424 ,246 .20 1 ,2 8 6 ,6 1 9 .2 0 8 ,0 6 0 ,6 9 4 .8 2
A d m in is tra tio n  and 
e n g in e e rin g
---------- ---------- ---------- — — 5*675,767.00
c ro s s in g  o p e r a t io n s ,  7 .9  p e rc e n t  e a c h ; m ain ten an ce  o v e rh e ad , 1 9 .8  p e r ­
c e n t ;  and a d m in is t r a t io n  and e n g in e e r in g ,  13 .9  p e r c e n t .  The rem ain in g  
15 p e rc e n t o f  th e  t o t a l  m ain ten an ce  d o l l a r  was consumed j o i n t l y  by 
S ta te  fo rc e  c o n s t r u c t io n  and u n u su a l and d i s a s t e r  m ain ten an ce  item s 
w hich a re  riot l i s t e d  in  T ab le  3 .1 0 .
An a n a ly s i s  o f  th e  coBt d i s t r i b u t i o n  among l a b o r ,  equipm ent 
r e n t a l ,  m a te r ia l s  and s u p p l i e s ,  and c o n t r a c tu a l  s e r v ic e s  show th a t  
la b o r ,  and m a te r ia l s  and s u p p l ie s  a r e  p rim ary  ite m s  in  b itu m in o u s and 
c o n c re te  s u r f a c e  m ain tenance  w h ile  la b o r  and equipm ent r e n t a l  a re  most 
im p o rtan t in  g r a v e l  and s h e l l  s u r f a c e  m a in ten an ce . In  th e  l a t t e r  c a se  
m a te r ia l  c o s t  i s  u s u a l ly  v e ry  low . F o r sh o u ld e r  and  approach  m a in te ­
n a n c e , th e  s p l i t  among la b o r ,  equipm ent r e n t a l ,  m a te r i a l s  and s u p p l ie s  
and c o n tr a c tu a l  s e r v ic e s  was a p p ro x im a te ly  53 .2  p e r c e n t ,  24 .46 p e rc e n t  
21 .0  p e rc e n t and 1 .3 4  p e rc e n t  r e s p e c t iv e ly .  R oadside  and d ra in g e  
m ain tenance was a l s o  a  la b o r  and equipm ent o r ie n te d  o p e ra tio n  w ith  a 
s p l i t  o f  6 6 .0  p e r c e n t ,  29 .8  p e r c e n t ,  3 .2  p e rc e n t and 1 .0  p e rc e n t f o r  
la b o r ,  eq u ip m en t, r e n t a l ,  m a te r ia l s  and s u p p l ie s ,  and c o n tr a c tu a l  s e r ­
v ic e s  r e s p e c t iv e ly .  S t r u c tu r e  m ain tenance  and r i v e r  c ro s s in g  o p e ra ­
t io n s  had a s p l i t  o f  a p p ro x im a te ly  35 to  60 p e rc e n t  f o r  la b o r  and 10 
to  20 p e rc e n t f o r  m a te r ia ls  and s u p p l ie s .  A s p l i t  o f  3 5 .1  p e r c e n t ,
11.96 p e rc e n t ,  4 7 .7 6  p e rc e n t and 5 .1 8  p e rc e n t f o r  l a b o r ,  equipm ent 
r e n t a l ,  m a te r ia l s  and s u p p l ie s ,  and c o n tr a c tu a l  s e r v ic e s  was found f o r  
t r a f f i c  s e r v ic e  m ain tenance  w h ile  74 .12  p e rc e n t o f  th e  t o t a l  m a in te n - 
nance overhead d o l l a r  was s p e n t f o r  la b o r .  The d i s t r i b u t i o n  o f  th e  
t o t a l  m ain tenance  d o l l a r  by l a b o r ,  equipm ent r e n t a l ,  m a te r ia ls  and 
s u p p l ie s ,  and c o n t r a c tu a l  s e r v ic e s  i s  shown in  F ig u re  3 .2 .
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F ig u re  3 .2 M aintenance E x p en d itu re  D is t r ib u t io n .
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F ig u re  3 .3  D la t r ib u t io n  o f S u rface  M ain tenance  
E x p e n d itu re  by S u rface  Type.
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F ig u re  3 .3  shows an ap p ro x im a te  breakdown o f  s u r fa c e  m ain ten an ce
c o s ts  by  s u r f a c e  ty p e .  I t  i s  n o t  a t  a l l  s u r p r i s in g  th a t  in  L o u is ia n a
a lm o st 85 p e rc e n t  o f  th e  t o t a l  s u r f a c e  m ain tenance  d o l l a r  i s  d ev o ted
to  p re s e rv in g  b itu m in o u s  s u r f a c e s  w h ile  10 p e rc e n t  and 5 p e rc e n t  w ent
for concrete su rfa ce  maintenance and gravel or s h e l l  Burface m ainte-
*
nance  r e s p e c t i v e l y .
F ig u re  3 .1  a l s o  shows th e  t r e n d  o f  m ain tenance  c o s t  v a r i a t i o n s  
in  a l l  th e  work fu n c t io n s  w ith  tim e . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  
w h ile  management p o l i c i e s  have b een  im proved , th e  e x p e n d itu re  f o r  m ain­
te n an c e  overhead  and a d m in is t r a t io n  and e n g in e e r in g  has in c re a s e d  from  
a p p ro x im a te ly  7 m i l l i o n  d o l l a r s  i n  1963 to  14 m i l l i o n  d o l l a r s  i n  1971. 
O ther m ain ten an ce  f u n c t io n s ,  l i k e  ro a d s id e  and d ra in a g e  m ain tenance  
c o s t ,  r i v e r  c r o s s in g  o p e ra t io n s  and s t r u c t u r a l  m ain tenance  c o s t s ,  show 
a s i g n i f i c a n t  upward t r e n d .  The rem a in in g  m ain tenance  c o s t  c a te g o r ie s  
v a r ie d  around a mean v a lu e  w ith  v e ry  sm a ll an n u al d e v ia t io n s .
CHAPTER IV
DATA COLLECTION
4 .1  D ata  P r e p a ra t io n
The d a ta  c o l le c te d  f o r  t h i s  i n v e s t ig a t i o n  was d e r iv e d  from d i f ­
f e r e n t  m ain ten an ce  d a ta  f i l e s  o f  th e  L o u is ia n a  D epartm ent o f Highways. 
Some o f  th e  d e s ig n  d a ta  w as ta k en  from re s e a rc h  r e p o r ts  p u b lish e d  by 
th e  R esearch  and Developm ent S ec tio n  o f  th e  L o u is ia n a  D epartm ent o f 
H ighways. F ie ld  o b s e r v a t io n s  were found to  be u n n e c e ssa ry .
A p re l im in a ry  i n v e s t i g a t i o n  was made to  e n su re  t h a t  a l l  th e  d a ta  
r e q u ire d  to  develop  th e  m odels would be a v a i l a b le .  In  c e r t a i n  c a se s  
in fo rm a tio n  cou ld  n o t b e  ta k e n  d i r e c t l y  from  th e  e x i s t i n g  f i l e s  and 
had to  be m a th e m a tic a lly  d e r iv e d  from th e  raw d a ta .  A p art from th e  
m ain ten an ce  c o s t  d a ta  by d i f f e r e n t  c a t e g o r i e s ,  m ost o f  th e  o th e r  d a ta  
was e a s i l y  a v a i l a b le  and r e l i a b l e .  C e r ta in  assum ptions w ere made con­
c e rn in g  th e  a v a i l a b le  d a ta :
1 . S in ce  th e  i n s t i t u t i o n  o f th e  recom m endations made by th e  Roy 
Jo rg en sen  and A sso c ia te s  (30 -3 7 ) s tu d y , u n ifo rm ity  in  ade­
q u a te  m a in ten an ce  work has b een  a ch ie v e d .
2 . As a consequence  o f th e  f i r s t  a ssu m p tio n , m ost o f th e  m ain­
ten an ce  c o s t  d a ta  and perfo rm ance  d a ta  re c o rd e d  d u rin g  th e  
l a s t  f iv e  y e a r s  a r e  adequate  and to  a g r e a t  e x te n t  r e l i a b l e .
3 . Having made th e  f i r s t  a ssu m p tio n , i t  i s  assumed th a t  c o n tro l  
s e c t io n s  on w hich  m ain tenance  c o s t s  have assum ed a  r e g u la r
47
48
p a t t e r n  d u r in g  th e  l a s t  f i v e  y e a r s  w ere  a d e q u a te ly  m a in ta in e d . 
T h is  a ssu m p tio n  I s  v a l i d  due to  th e  f a c t  t h a t  t h i s  r e s e a r c h  
I s  p r im a r i ly  c o n ce rn e d  w ith  p re v e n t iv e  m a in te n an c e .
4 . W henever th e  n e c e s s a ry  d a t a  b a se d  on c o n t r o l  s e c t io n  w as n o t
a v a i l a b l e , a s  was th e  c a s e  f o r  a l l  c a t e g o r i e s  excep t s u r f a c e  
m a in te n an c e  and s h o u ld e r s  and ap p ro ach  m a in te n an c e  d a t a ,
th e  a v e ra g e  o f  p a r is h -w id e  d a ta  fo r .  each  o f  th e  highway fu n c ­
t i o n a l  c l a s s e s  was u se d .
5 . In  in s ta n c e s  w here  c o n f l i c t  a ro s e  betw een  d a ta  in d e p e n d e n tly
c o l l e c t e d  by th e  m a in ten an ce  s e c t io n  and o th e r  s e c t io n s
w i th in  th e  D epartm en t o f  H ighw ays, th e  d a t a  re co rd ed  by th e  
M ain tenance  S e c t io n  was u se d .
6 . I t  I s  a l s o  assum ed t h a t  f o r  th e  f u tu r e  u t i l i z a t i o n  o f  th e  
d ev e lo p ed  m o d e ls , th e  r e q u i r e d  d a ta  f o r  f u t u r e  c o n d i t io n s  
c o u ld  b e  d e r iv e d  w i th  re a s o n a b le  a c c u ra c y .
The fo llo w in g  s e c t io n s  g iv e  a  d e t a i l e d  a c c o u n t o f  th e  d a ta  c o l ­
le c te d  f o r  d e v e lo p in g  th e  p r e d i c t i o n  m odels f o r  d i f f e r e n t  c a te g o r ie s  o f  
m ain ten an ce  c o s t s .
4 .2  S u r fa c e  M ain ten an ce  D ata
A l i s t  o f  a l l  th e  p a ra m e te rs  c o l l e c te d  f o r  t h i s  m ain tenance  c o s t  
c a te g o ry  i s  shown i n  T ab le  4 .1 .  A p a rt from  th e  v a r i a b l e s  i d e n t i f i e d  i n  
t h i s  t a b l e ,  p la n s  w ere  made to  c o l l e c t  d a ta  on s u r f a c e  w ear th ro u g h  PCA 
ro ad m e te r t e s t s  co n d u cted  by th e  R esea rch  and D evelopm ent S e c tio n  o f  th e  
L o u is ia n a  D epartm ent o f  H ighw ays. H ow ever, such d a t a  was n o t a v a i l a b l e  
f o r  m ost o f  th e  c o n t r o l  s e c t i o n s  and th e r e f o r e  t h i s  in fo rm a tio n  was 
e l im in a te d  from  c o n s id e r a t io n .
TABLE 4.1
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(D o lla r s )
250-01 2 10 13.09 23.555 6 .6 2 9 .0 5 0 .0 0 .0 9 .94 5 .0 0 7175 3828.02
250-01 2 11 13.09 23.555 6 .6 2 9 .0 5 0 .0 0 .0 9 .94 5 .0 0 7280 4791.55
15-05 2 13 6 .3 6 44.000 2.19 11 .36 0 .0 0 .0 9 .985 3 .0 0 23293 11338.98
13-05 2 14 6 .3 6 44.000 2 .19 11 .36 0 .0 0 .0 9 .985 3 .0 0 20144 9469.79
246-01 3 14 24.97 19 .86 8.16 14.55 0 .0 6 7 .6 8 6 .5 4 3 .1 0 3135 6851.25
424-02 2 9 21.19 46 .00 0 .0 43 .96 0 .0 0 .0 11.095 4 .85 14280 19341.75
424-02 2 10 21.19 46 .00 0 .0 43.96 0 .0 0 .0 11.095 4 .85 14310 21405.44
12-13 2 13 16.26 46 .53 13.34 24.02 0 .0 0 .0 9 .1 1 2 .20 12305 19221.95
424-01 2 9 10.88 48 .00 0 .0 21.76 0 .0 0 .0 10.421 4 .1 0 11941 10766.46
/ \ A
451-04 1 9 17.36 48 .00 0 .0 34.78 0 .0 0 .0 11 .693 3.20 7580 11563.62
23-03 2 14 15.13 24 .00 15 .13 0 .0 0 .0 0 .0 3 .2 6 4 .6 8 1450 4 4 0 1 .U
23-03 2 15 15.13 24.00 15 .13 0 .0 0 .0 0 .0 3 .2 6 4 .6 8 1550 4407.07
326-02 4 17 4.24 20.00 0 .0 0 .0 3 .5 4 0 .0 0 .5 2 3 .3 0 550 1550.40
407-07 4 17 5.68 20.00 0 .0 0 .0 4 .72 0 .0 1 .3 2 3 .8 0 1510 1982.18
127-02 3 24 11.96 20.40 0 .0 0 .0 9 .94 0 .0 0 .4 6 3 .20 486 2248.86
VO
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The m ost im p o r ta n t  phase  o f  t h e  d a ta  c o l l e c t i o n  p ro c e s s  i n  t h i s  
c a te g o ry  was t h e  s e l e c t i o n  o f  p r o p e r  c o n tr o l  s e c t i o n s .  S e le c t io n  of 
t h e s e  c o n tr o l  s e c t i o n s  was made i n  su ch  a  way t h a t  th e y  w ere  random ly 
d i s t r i b u t e d  a l l  o v e r  th e  S ta te  o f  L o u is ia n a  and th e re b y  r e f l e c t e d  a  
maximum number o f  v a r i a b le s  a f f e c t i n g  m ain ten an ce  re q u ire m e n ts  and 
r e g io n a l  I n f lu e n c e .  Care was ta k e n  su ch  th a t  th e  c o n t r o l  s e c t i o n s  
In c lu d e d  a l l  p o s s i b l e  ran g es  o f  d e s ig n ,  t r a f f i c  and  e n v iro n m e n ta l 
v a r i a b l e s  t y p i c a l  to  th e  c o n d i t io n s  e x i s t in g  i n  th e  S t a t e .  The t e s t  
s e c t i o n s  used  i n  t h i s  s tu d y  In c lu d e d  a l l  f u n c t io n a l  c l a s s e s  and  s u r ­
f a c e  ty p e s  w ith  l e n g th s  v a ry in g  fro m  3 to  30 m i l e s .  P r io r  to  th e  s t a r t  
o f  th e  a c tu a l  d a t a  c o l l e c t i o n ,  a  p r e l im in a r y  s tu d y  was made to  e n su re  
th e  a v a i l a b i l i t y  o f  m ain ten an ce  c o s t  d a ta  on th e s e  c o n t r o l  s e c t i o n s  
and t h e i r  adequacy  o f  m a in te n an c e . S e le c t io n  o f t h e  c o n t r o l  s e c t i o n s  
was r e s t r i c t e d  to  th e  s e c t io n s  u se d  i n  th e  MSHO C o r r e la t io n  S tudy  (44) 
co n d u c ted  by th e  R esearch  and D evelopm ent S e c tio n  o f  th e  L o u is ia n a  
D epartm en t o f  H ighw ays. T h is was n e c e s s a ry  s in c e  d a t a  on th e  d e s ig n  
p r o p e r t i e s  o f  th e  c o n t r o l  s e c t io n s  c o u ld  no t be  a d e q u a te ly  d e r iv e d  
from  o th e r  s o u r c e s .
The f i r s t  colum n o f T ab le  4 .1  shows t y p i c a l l y  th e  c o n t r o l  s e c ­
t i o n s  used  to  d e v e lo p  th e  s u r f a c e  m a in ten an ce  m o d e l. The second  
colum n d e s c r ib e s  th e  p a r t i c u l a r  f u n c t io n a l  c l a s s  i n  w hich a  t y p i c a l  
c o n t r o l  s e c t io n  f a l l s .  A v a lu e  o f  1 I n  th i s  colum n d e n o te s  th e  
I n t e r s t a t e  System ; 2 ,  d en o tes  th e  P r im a ry  System ; 3 ,  d e n o te s  th e  
S econdary  System  and 4 , the  F a rm -to -M ark e t System . Age o f  th e  roadw ay 
s e c t i o n  was d e te rm in e d  by c a l c u l a t i n g  th e  e la p se d  tim e  s in c e  c o n s t r u c ­
t i o n .  Whenever s t r e t c h e s  w ith  d i f f e r i n g  ages w ere  found w i th in  a 
c o n t r o l  s e c t i o n ,  a  w e ig h ted  a v e ra g e  w as u sed . I t  may be  n o te d
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t h a t  In  c e r t a i n  c a se s  th e  same c o n t r o l  s e c t io n  had two d i f f e r e n t  a g e s . 
T h is  I s  b ecau se  two y e a r s ' m a in ten an ce  c o s t  d a ta  f o r  th e  same c o n t r o l  
s e c t io n  was u sed  so  t h a t  y e a r ly  v a r i a t i o n  I n  m ain tenance  re q u ire m e n ts  
c o u ld  be p ro p e r ly  r e f l e c t e d  by th e  m odel. A l l  o f  t h i s  d a t a ,  in c lu d in g  
th e  c e n te r l i n e  l in e a g e  and w id th  o f  each  c o n t r o l  s e c t io n  a s  shown i n  
columns 4 and 5 o f  T ab le  4 .1 ,  was c o l le c te d  from  th e  Manual o f  C o n tro l 
S e c tio n s  o f  th e  L o u is ia n a  D epartm ent o f  Highways (4 7 a ) .
Columns 6 , 7 , 8  and 9 show th e  e q u iv a le n t  2 - la n e  m ile s  o f  b i t u ­
m inous c o n c r e te ,  c o n c r e te ,  a s p h a l t  and g ra v e l  s u r f a c e  f o r  each  c o n t r o l  
s e c t io n .  As can  be seen  from  th e  t a b l e ,  a  few o f  th e  c o n t r o l  s e c t io n s  
in c lu d e d  two o r  more s u r f a c e  ty p e s  w i th in  t h e i r  le n g th s .  The e q u iv a le n t  
m ile a g e  was c a lc u la te d  on th e  b a s i s  o f  a  24 f o o t  w ide 2 - la n e  highway 
s e c t io n  as  a b a s i c  u n i t .  T h is  d a ta  was a v a i l a b l e  from th e  an n u a l Road 
In v e n to ry  Record (4 7 f) m a in ta in e d  by th e  m a in ten an ce  s e c t io n .
SN v a lu e s  shown in  th e  t a b l e  a re  w e ig h ted  s t r u c t u r a l  p a ra m e te rs  
b a sed  on th e  ty p e  and th ic k n e s s  o f  each  s t r u c t u r a l  la y e r  o f  th e  roadway 
s e c t io n .  These v a lu e s  f o r  d i f f e r e n t  c o n t r o l  s e c t io n s  w ere c a lc u la te d  
in  acco rd an ce  w ith  a re s e a rc h  r e p o r t  (45) p u b lish e d  by th e  L o u is ia n a  
D epartm ent o f  H ighw ays. The SN v a lu e  o f any ty p i c a l  roadway s e c t io n  i s  
g iv en  by :
SN -  a x Dx + a 2 D2 + a 3 D3
W here:
a^ = c o e f f i c i e n t  o f  th e  f l e x i b l e  s u r f a c e  c o u rs e .
D  ̂ *■ th ic k n e s s  o f  th e  s u r f a c e  c o u rse  in  in c h e s .
a2 = c o e f f i c i e n t  o f  th e  b a se  c o u rse .
D2 3 th ic k n e s s  o f th e  b a se  co u rse  in  in c h e s .
52
a^ = c o e f f i c i e n t  o f th e  subbase c o u rse .
D  ̂ « th ic k n e s s  o f th e  subbase  co u rse  in  in c h e s .
The SN v a lu e  a c tu a l ly  c o n v e r ts  th e  th ic k n e s s e s  o f a l l  th e  s t r u c ­
t u r a l  la y e r s  in to  an e q u iv a le n t  th ic k n e ss  o f  c o n c re te  l a y e r .  The 
c o e f f ic ie n t  a^  th rough  a r e  l i s t e d  in  T ab le  4 .2  and a re  ta k e n  from 
th e  above m entioned r e p o r t  (4 5 ) .
The s o i l  su p p o rt v a lu e s  In d ic a te  th e  s t r e n g th  o f th e  u n d e rly in g  
s o i l  on w hich th e  roadway s e c t io n  i s  b u i l t .  T h is v a lue  can  b e  d e te r ­
mined by p erfo rm in g  a Texas T r ia x i a l  T e s t .  Both th e  d a ta  re g a rd in g  SN 
v a lu e s  and s o i l  su p p o rt v a lu e s  used  in  t h i s  s tu d y  were ta k e n  from AASHO 
C o rre la t io n  Study (44) d e sc r ib e d  e a r l i e r .  In  L o u is ia n a , SN v a lu e s  
v a r ie d  from  a low o f  0 .33  to  a  h ig h  o f 12 .046 . The s o i l  su p p o r t  v a lu es  
v a r ie d  betw een 2 .2  to  9 .4 .
T r a f f ic  d a ta  showing th e  ADT fo r  d i f f e r e n t  c o n tro l  s e c t io n s  were 
d i r e c t ly  ta k en  from th e  y e a r ly  T r a f f ic  R eport (47h) p u b lish e d  by the 
L o u is ian a  D epartm ent o f H ighw ays' T r a f f ic  and P lann ing  S e c tio n . T ra f­
f i c  d a ta  f o r  th e  y ear 1972-73 was n o t r e a d i ly  a v a i la b le  and had to  be 
c a lc u la te d  m anually  from th e  S u rface  Type Log. Average d a i ly  t r a f f i c  
on th e  c o n tro l  s e c t io n s  v a r ie d  from 300 to  24,000 v e h ic le s  p e r  day and 
covered a l l  ran g es  o f t r a f f i c  i n  L o u is ian a .
F in a l ly ,  th e  m ain tenance  c o s t  d a ta  w ere tak en  from th e  F u n c tio n a l 
Cost Ledger (47c) p rep ared  a n n u a lly  by th e  m ain tenance s e c t io n .  A ll o f 
th e  e x p e n d itu re s  on work fu n c tio n s  from 411 to  439 were accum ulated  fo r  
each c o n tro l  s e c t io n  to  o b ta in  th e  t o t a l  s u r fa c e  m ain tenance e x p e n d itu re . 
Work fu n c tio n s  415 and 433 w ere excluded from c o n s id e ra t io n  s in c e  they  
a re  n o t r e g u la r ly  needed an n u a l m aintenance o p e ra t io n s ,  b u t f a l l  in  th e  
c la s s  o f improvement o p e ra t io n s .  Only two y e a rs  o f d a ta ,  1971-72 and
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TABLE 4 .2
PAVEMENT COEFFICIENTS FOR FLEXIBLE SECTION DESIGN
SURFACE COURSE
A sp h a ltic  C oncrete
Types 1 ,  2 and 4 BC and WD 
Type 3 WC 
BC
BASE COURSE
U n trea ted
Iro n  Ore -  Grade B 
Sand C lay G ravel -  G rade A 
Sand C lay G ravel -  G rade B 
S h e ll  and Sand -  S h e ll
Cement S ta b i l iz e d
S o il  Cement
Iro n  Ore -  Grade B
Sand Clay G ravel -  G rade B
S h e ll and Sand -  S h e ll
Lime S ta b il iz e d
Sand S h e ll
Sand Clay G ravel -  Grade B 
Iro n  Ore -  Grade B
A sp h a lt S ta b i l iz e d
Hot Mix Base Course (Type 3)
SUBBASE COURSE
Lime T re a te d  Sand Clay G ravel -  Grade B
Lime T re a te d  Sand S h e ll
S h e ll  and Sand S h e ll
Sand Clay G ravel -  Grade B
Iro n  Ore -  Grade B
Lime T rea te d  S o il
S u ita b le  M a te r ia l  -  A-6  (P I * 15-)
Old G ravel o r  S h e ll Roadbed (8" th ic k n e s s )  
Sand (R -V alue)








300 p s i+  
300 p s i+  
500 p s i+  





































TABLE 4 .2  -  C ontinued
COEFFICIENTS FOR BITUMINOUS CONCRETE OVERLAY S tr e n g th  C o e f f ic ie n t
Base Course
B itum inous C o n cre te  Pavem ent
New 0 .4 0
Old 0 .2 4
P o r t la n d  Cement C o n cre te  Pavement
New 0 .5 0
O ld , f a i r  c o n d it io n  0 .4 0
O ld , f a i l e d  0 .2 0
O ld , pumping 0 .1 0 .
O ld , pumping ( to  be u n d e rse a le d )  0 .3 5
TABLE 4 .3
SHOULDER AND APPROACH MAINTENANCE DATA
C o n tro l










E q u iv a le n t 
M iles o f  
Non-paved 
Shoulder
E q u iv a le n t 







T o ta l
Annual
Cost
250-01 2 10 13.09 14.723 22 .30 3 .20 5 .00 7175 1568.17
250-01 2 11 13.09 14.723 22.30 3 .70 5 .00 7280 2354.40
7-07 2 16 13 .52 27.661 52 .70 0 .0 0 2 .20 20362 3100.65
7-07 2 17 13.52 27.661 52.70 0 .0 0 2 .20 18988 6878.28
7-05 2 17 8.83 30.000 35.30 0 .0 0 2 .60 12232 3006.42
7-05 ■ 2 18 8.83 30.000 35.30 0 .0 0 2 .60 11897 4313.02
246-01 3 14 24.97 11.690 46 .70 3 .6 0 3 .20 3135 2160.61
246-01 3 15 24.97 11.690 46.70 3 .60 3 .20 3621 3899.10
12-13 2 12 16.26 15.470 17.60 39.00 2 .20 9665 12220.66
12-13 2 13 16.26 15.470 17.60 39 .00 2 .20 12305 16977.81
3-04 2 14 5.78 15.770 10.50 0 .0 0 1 .6 0 6209 1648.69
3-04 2 15 5.78 15.770 10.50 0 .0 0 1 .60 7244 1002.35
15-04 2 15 19.45 16.150 0 .0 0 38.00 2.60 2298 13146.51
15-04 2 16 19 .45 16.150 0 .00 38.00 2 .60 2639 13664.99
20-04 2 9 20.68 15.540 24.90 16.40 2.70 1432 6009.97
37-04 2 16 6 .99 12.000
---—» v ’----------
14 .00 0 .00 5.40 1490 1234.97
14-06 2 15 14.81 15.84 44 .20 5 .40 9 .30 5947 1396.62
161-08 3 21 10.90 8 .00 21.80 0 .00 2 .40 690 685.02
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1972-73 w ere used in  t h i s  s tu d y . However, c o s t  d a ta  from  1969 to  1973 
w ere compared to  e n su re  th e  adequacy o f  m ain tenance  f o r  th e s e  c o n tro l  
s e c t io n s .  The c o s ts  f o r  a  c e n te r l in e  m ile  o f  th e  roadways w ere c a lc u ­
la te d  by d iv id in g  th e  t o t a l  su r fa c e  m ain tenance  c o s ts  by th e  re sp ec ­
t i v e  c e n te r l in e  m ile a g e s . The v a r i a t i o n  in  m ain tenance c o s t  fo r  s u r ­
fa c e  m ain tenance  was ex trem ely  h ig h  and ranged from $125 to  $1800 p e r  
c e n te r l in e  m ile .
4 .3  S hou lder and A pproach M aintenance D ata
T y p ic a l d a ta  c o l le c te d  to  develop  t h i s  model i s  shown in  T ab le  4 .3 .  
A ll o f th e  d a ta  ex cep t e q u iv a le n t m ile s  o f paved and non-paved sh o u ld e rs  
w ere c o l le c te d  from th e  so u rces  p re v io u s ly  d e sc r ib e d  in  th e  s u r fa c e  
m ain tenance  d a ta  c o l l e c t i o n  program . The e q u iv a le n t  m ile s  o f  paved 
and non-paved sh o u ld e rs  w ere c a lc u la te d  on th e  b a s is  o f a 6 fo o t w ide 
sh o u ld e r a s  th e  b a s ic  u n i t .  This d a ta  was d i r e c t l y  tak en  from th e  
y e a r ly  Road In v en to ry  Record (47f) m a in ta in ed  by th e  L o u is ian a  D ep art­
ment o f Highways. The m ain tenance c o s t  d a ta  was d e riv e d  by accum ulat­
in g  e x p e n d itu re s  made on work fu n c tio n s  441 th ru  449. These w ere 
a v a i la b le  in  th e  an n u a l F u n c tio n a l C ost Ledger (47c) p rep a red  by th e  
m ain tenance  s e c t io n .  A gain , work fu n c t io n  454 was e lim in a te d  from con­
s id e r a t i o n  s in c e  i t  i s  n o t a r e g u la r  annual m ain tenance  o p e ra t io n .
4 .4  R oadside and D ra inage  M aintenance Data
A b a s ic  change i n  th e  d a ta  c o l le c t io n  p ro ced u re  was i n i t i a t e d  a t  
t h i s  p o in t .  Though th e  models f o r  m ain tenance  c o s t  p r e d ic t io n  a re  
In tended  to  be a p p lie d  on in d iv id u a l  c o n tr o l  s e c t io n s ,  no c o s t  re c o rd s  
w ere a v a i l a b le  in  t h i s  ca teg o ry  on th e  b a s is  of c o n tro l  s e c t io n s .





( D i s t r i c t  92)
L a f a y e t te  
( D i s t r i c t  03)
S h re v e p o rt 
( D i s t r i c t  04)
No. Name No. Name No. Name
26 J e f f e r s o n 01 A cad ia 02 B ie n v i l l e
29 L afou rche 23 I b e r i a 08 B o ss ie r
36 O rlean s 28 L a f a y e t te 09 Caddo
38 Plaquem ine 49 S t . Landry 14 C la ib o rn e
44 S t . Bernard 50 S t .  M a rtin 16 D esoto
45 S t .  C h arles 51 S t .  Mary 41 Red R iv e r
47 S t . James 57 V e rm ill io n 60 W ebster
48 S t .  John
55 T errebone
Monroe Chase B aton Rouge
( D i s t r i c t  05) ( D i s t r i c t  58) ( D i s t r i c t  61)
No. Name No. Name No. Name
18 E a s t C arro l 11 C ald w e ll 03 A scen sio n
25 Jack so n 13 C a tah o u la 04 A ssum ption
31 L in co ln 15 C on co rd ia 17 E a s t B aton  Rouge
33 M adison 21 F r a n k l in 19 E a s t F e l ic ia n a
34 Morehouse 30 L a s a l l e 24 I b e r v i l l e
37 Q u ach ita 54 T ensas 39 P o in te  Coupee
42 R ich land 61 West B aton  Rouge
56 Union 63 West F e l ic ia n a
62 West C arro l
Hammbnd Lake C h arle s A le x a n d r ia
( D i s t r i c t  62) ( D i s t r i c t  07) ( D i s t r i c t  08)
No. Name No. Name No. Name
32 L iv in g s to n 02 A lle n 05 A v o y e lle s
46 S t .  H elena 06 B eauregard 22 G ran t
52 S t .  Tammany 10 C a lc a s ie u 35 N a tc h ito c h e s
53 Tangipahoa 12 Cameron 40 R apides
59 W ashington 20 E v a n g e lin e 43 S ab ine
27 J e f f e r s o n  D avis 58 Vernon
64 Winn
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d i f f e r e n t  fu n c t io n a l  b la s s e e  o f  highways and th e  av erag e  c e n te r l in e  
m ile  m ain tenance c o s t  on th e  b a s i s  o f  p a rish -w id e  d a ta  would be u sed . 
T here  a re  64 p a r is h e s  In  L o u is ia n a  fo r  which a l i s t i n g  I s  g iv en  in  
T ab le  4 .4 .
T ab le  4 .5  g iv e s  a  l i s t i n g  o f  ty p ic a l  d a ta  c o l le c te d  fo r  th e  p u r­
p ose  o f d ev e lo p in g  t h i s  m odel. For each p a r i s h ,  d a ta  was c o l le c te d  
fo r  fo u r d i f f e r e n t  highway f u n c t io n a l  c l a s s e s .  In  T ab le  4 .5 ,  under th e  
head ing  o f fu n c tio n  c l a s s ,  an  e n try  o f  1 -0 -0  in d ic a te s  th e  I n t e r s t a t e  
System ; 0 -1 -0 , P rim ary  System ; 0 -0 -1 , Secondary System  and 0 -0 -0 , th e  
Farm -to-M arket System . T his ty p e  o f  coding  f a c i l i t a t e d  th e  use o f  
th e s e  v a r ia b le s  as  dummy v a r ia b le s  i n  th e  com puter program  th a t  was 
used  to  develop  th e  m odels. The c e n te r l i n e  m ileag es  f o r  each c la s s  
w ere tak en  from th e  an n u al Road In v e n to ry  Record (4 7 f ) .
The m ost im p o rtan t v a r ia b le  a f f e c t in g  ro a d s id e  and d ra in a g e  
m ain tenance c o s t  i s  th e  a re a  of mowing. The r ig h t-o f -w a y  w id th  g iv e s  
a  c e r t a in  m easure o f  such an  a r e a ;  how ever, mowing a c r e s  fo r  each con­
t r o l  s e c t io n  w ere a v a i la b le  d i r e c t l y  from th e  an n u a l Road In v en to ry  
Record (4 7 f ) .  The mowing a c re s  w ere accum ulated f o r  each fu n c t io n a l  
c la s s  fo r  each p a r i s h .  The same r e p o r t  gave th e  d a ta  on number o f r e s t  
a re a s  and number o f l i t t e r  b a r r e l s  f o r  each  c o n tro l  s e c t io n .
D ata on r a i n f a l l  was c o l le c te d  from C lim a to lo g ic a l D ata pub­
l is h e d  by th e  U. S. D epartm ent o f Commerce (4 1 ) . Y early  r a i n f a l l  i n  
each  p a r is h  was c a lc u la te d  by ta k in g  th e  av erage  o f  r a i n f a l l  d a ta  r e g i s ­
te r e d  a t  th e  re c o rd in g  s t a t i o n s  w i th in  each p a r i s h .  In  c ase s  w here a 
p a r is h  d id  n o t have a r a i n f a l l  re c o rd in g  s t a t i o n ,  th e  av erage  annual 
r a i n f a l l  fo r  a l l  th e  n e ig h b o rin g  p a r is h e s  was tak en  as  an approxim ate  




















ROADSIDE AND DRAINAGE MAINTENANCE DATA
AnnualF u n c tio n  T o ta l  Length Mewing Area r j f  -i i Number o f  Number o f  
C lass  (M iles) (A cres) ( in c h e s )  R est A reas L i t t e r  B a r re ls
1- 0-0 27.16 727.9 77.33 2 0
0- 1-0 69.76 608.6 77.33 0 0
0- 0-1 148,98 1005.8 77.33 0 0
0- 0-0 185.57 977.5 77.33 0 0
0- 1-0 107.42 785.2 65 .21 1 15
0- 0-1 20.55 135.3 65.21 0 0
0- 0-0 47.88 244.0 65.21 0 0
0- 1 -0 42 .79 588.7 69.34 1 0
0- 0-1 64.36 470.2 69 .34 0 0
0- 0-0 133.25 874.5 69.34 0 0
0- 1-0 28.34 151.5 72.02 1 0
0- 0-1 15.51 100.0 72.02 0 0
0- 0-0 126.91 571.8 72.02 0 0
0- 1-0 45.43 400.3 67.31 0 0




















s t a r t s  Ju n e  1 s t  o f  each  y e a r ,  an n u a l r a i n f a l l  was c a lc u la te d  by accu ­
m u la tin g  m onthly r a i n f a l l  from June  1 s t  to  May 3 1 s t o f th e  fo llo w in g  
y e a r .
C ost d a ta  was a g a in  a v a i la b le  from  th e  an n u al F u n c tio n  C ost 
Ledger (4 7 c ) . A ll  o f  th e  p a r is h e s  w ere Included I n  th e  o r ig i n a l  d a ta  
s e t .  However, a  few p a r is h e s  w ere d e le te d  because  In ad eq u ac ie s  In  
th e  re p o r te d  c o s t  d a ta  was found.
4 .5  S tr u c tu r e  M aintenance Data
M aintenance c o s t  r e la te d  d a ta  f o r  th e  s t r u c t u r a l  m ain tenance 
model w ere developed f o r  each p a r is h  in  L o u isian a  s in c e  no d a ta  was 
a v a i l a b le  on a c o n t r o l  s e c tio n  b a s i s .  Table 4 .6  l l B t s  ty p ic a l  d a ta  
c o l le c te d  In  t h i s  c a te g o ry .
The L o u is ia n a  D epartm ent o f Highways c l a s s i f i e s  s t r u c tu r e s  i n to  
61 d i f f e r e n t  types w ith  code numbers ran g in g  from 010 to  098. T h ere  
a re  17 d i f f e r e n t  ty p e  o f  tim ber s t r u c tu r e s  (code number 010 to  033 and 
0 6 4 ), 13 d i f f e r e n t  ty p e  of c o n c re te  s t r u c tu r e s  (code number 034, 050 
to  063 and 065 to  068) and 13 d i f f e r e n t  ty pes o f  o th e r  s t r u c tu r e s  (code 
number 070 to  0 9 8 ). I n  th is  s tu d y  th e  fo u r  c l a s s i f i c a t i o n s  o f t im b e r , 
c o n c r e te ,  s t e e l  and o th e r s  were u se d .
D e ta i l s  o f  th e  d a ta  re g a rd in g  th e  t o t a l  number o f  s t r u c tu r e s  in  
each  c l a s s ,  t o t a l  sp an  le n g th  and deck  a re a  o f each  s t r u c tu r e  c l a s s  i s  
re c o rd ed  on a com puter tap e  m a in ta in ed  by th e  B rid g e  S e c tio n  o f th e  
L o u is ia n a  D epartm ent o f  Highways. A p r in to u t  o f t h i s  ta p e  was u sed  to  
c a lc u la te  th e  d a ta  l i s t e d  in  Table 4 .6 .  Problem s w ere enco u n te red  in  
c e r t a i n  c a se s  where s t r u c tu r e  deck a re a s  were m iss in g  from th e  r e c o rd .
TABLE 4 .6
STRUCTURE MAIBTEHAXCE DATA
P.rl.h J "* 1 »f “ ■>«" “ “ I <»•«>
«“ < --------------------------------------------------------------------------------- -----------------------  n "J* ? c"“
Timber C oncre te  S te e l  O ther Timber C oncre te  S te e l  O ther Timber C o n c re te  S te e l  O ther nc (D o lla rs )
26 163.64 6 40 7 7 1022 40912 12318 1832 36272 1758346 283904 114618 66.89 217229.50
29 166.56 27 19 10 3 2260 4885 4275 414 57566 167803 142975 10827 79.89 76205.77
36 111.68 9 72 28 28 928 187669 87060 29451 29451 7809685 4274877 641849 64.61 111443.07
38 114.97 3 5 2 1 127 4475 219 800 3381 14>'760 7746 20240 65.73 36579.52
46 46.96 0 4 2 1 60 380 86 28 1218 11032 2290 2296 70.53 16869.45
45 97.41 4 10 1 5 611 11864 111 156 16494 466271 3274 12789 80.45 41197.58
47 78.73 5 5 0 0 605 866 0 0 20304 27764 0 0 73.41 2316.74
■7\A
/ N ^
08 261.61 28 63 14 26 2635 18071 18071 1046 58203 618616 125’9629 4907 44.51 9102.70
09 3B7.61 42 136 10 30 5213 38917 38917 980 122232 1376745 227421 29211 43.92 10654.0B
14 290.96 45 41 1 26 31215 5026 5026 894 73577 150457 4347 24910 49.97 3153.47
16 288.95 46 43 1 23 4161 6646 6646 668 88976 202563 14250 19940 45 .34 5299.15
41 178.87 37 18 2 2 4365 2704 2704 95 89530 79790 39112 2850 47.83 28331.94
60 231.61 23 65 0 25 2938 14791 14791 •47 61494 459114 0 26010 46.87 71289.90
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In  such  c a se s  e s t im a te s  w ere  made from  th e  le n g th s  o f  su ch  s t r u c tu r e s  
and a v e rag e  w id th  c a lc u la te d  fo r  a l l  s u c h  s t r u c tu r e s  In  n e ig h b o rin g  
p a r i s h e s .  R a in f a l l  d a ta  was th e  same a s  c o l le c te d  d u r in g  th e  ro a d s id e  
and d ra in a g e  m a in ten an ce  d a ta  c o l l e c t i o n  program .
C ost d a ta  was c o l le c te d  from th e  F u n c tio n a l C ost L edger (47c) by 
accu m u la tin g  e x p e n d itu re s  on work f u n c t io n s  481 to  499 f o r  each p a r i s h .  
Only 1971-72 f i s c a l  y e a r  d a ta  was used t o  develop  t h i s  m odel. The 
c o s t  d a ta  In  t h i s  p a r t i c u l a r  c a teg o ry  w as n o t v e ry  r e l i a b l e  due to  th e  
f a c t  t h a t  u n d e r-m a in te n an c e  in  th i s  c a te g o ry  I s  v e ry  common in  
L o u is ia n a . T h is  i s  b e c a u se  o f the  l a c k  o f  an  ad eq u a te  number o f  m ain­
te n a n c e  em ployees I n  th e  s t r u c tu r e  m a in te n an c e  gangs.
4 .6  T r a f f i c  S e rv ic e  M ain tenance Data
T h is  c a te g o ry  o f  m ain tenance  d a ta  was c o l le c te d  f o r  each fu n c ­
t i o n a l  c la s s  i n  each  p a r i s h .  Data on u rb a n  highway m ile a g e , u rban  
v e h ic l e  m ile s  o f  t r a v e l ,  r u r a l  highway m ile a g e  and r u r a l  v e h ic le  m ile s  
o f  t r a v e l  w ere c o l l e c te d  from  th e  1970-71 f i s c a l  y e a r T r a f f i c  
R ep o rt (4 7 h ) . The t o t a l  an n u al c o s t  o f  t r a f f i c  s e r v ic e  i n  each p a r i s h  
f o r  each  f u n c t io n a l  c l a s s  was c a lc u la te d  by accu m u la tin g  e x p e n d itu re s  
on work fu n c t io n s  511 th ro u g h  559 g iv e n  I n  th e  annual F u n c tio n  C ost 
L ed g e r. T ab le  4 .7  d e s c r ib e s  th e  d a ta  s e t  used  to  d e v e lo p  th i s  m odel.
4 .7  R iv e r C ro ss in g  O p e ra tio n s  
M ain tenance D ata
There a r e  109 m ovable span b r id g e s  and 9 f e r r y  c r o s s in g  p o in ts  i n  
th e  S ta te  o f L o u is ia n a . S in ce  th e re  a r e  o n ly  two tu n n e ls  I n  L o u is ia n a  
and t h e i r  m ain ten an ce  req u irem en ts  a r e  v e ry  sm a ll, th e y  w ere excluded  




















TRAFFIC SERVICE MAINTENANCE DATA
Tirh Urban _ - R u ra l T o ta l
P a r is h  F u n c tio n  , an V eh ic le  , V eh ic le  Annual
Number Class “ ?hway Miles of “ f Hay Miles of Cost
m e a e e  T ra v e l H ile ag e  T ra v e l (D o lla rs )
26 1- 0-0 9 .69 406533 0 .00 0 21357.40
26 0- 0-1 28 .00 322234 19 .98 63341 12592.08
26 0- 0-0 39.84 309670 18.26 21413 18626.74
29 0- 1-0 4 .3 1 35996 107.55 620043 27338.37
29 0- 0-1 0 .0 0 0 13 .32 28904 808.00
29 0- 0-0 2.19 6547 141.78 164047 10338.40
36 1- 0-0 20 .82 734212 3 .5 0 43995 40530.28
36 0- 0-1 8 .83 116534 0 .0 0 0 2677.43
36 0- 0-0 19.21 254453 0 .0 0 0 4092.07
38 0- 1-0 0 .00 0 68.18 397786 26855.36
38 0- 0-1 0 .00 0 35.86 40084 7815.43
38 0- 0-0 0 .32 1929 10.61 14868 2053.55
53 0- 1-0 7 .26 47537 83.83 274205 32469.54
53 0- 0-1 0 .0 0 0 72.77 143186 19607.12
53 0- 0-0 3 .10 9785 206.15 128344 21157.82
59 0- 1-0 6.77 32056 73.53 164925 24866.39
59 0- 0-1 2.54 10374 62.41 67257 14705.70
59 0- 0-0 3 .91 24755 193.49 102538 23434.25
O)u>
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Once ag a in  d a ta  was c o l le c te d  on th e  b a s i s  o f each p a r i s h .  F ive  
y e a r s ' d a t a ,  s t a r t i n g  from f i s c a l  y e a r  1968-69, was used to  develop  
t h i s  m odel. For each  p a r i s h ,  th e  number o f  movable b r id g e s ,  t o t a l  span 
le n g th ,  t o t a l  number o f  b r id g e  te n d e rs  and t o t a l  number o f open ing  
o p e ra t io n s  f o r  each  y e a r  were accum ulated  and a re  shown In  T ab le  4*8. 
T h is  s e t  o f  d a ta  was ta k en  from re c o rd s  k ep t by th e  M aintenance S ec tio n  
on o p e r a t io n  o f m ovable b r id g e s . The average  d a i ly  t r a f f i c  on th e  
m ovable sp an  b r id g e s  was tak en  from  th e  an n u al T r a f f ic  R eport (47h) 
a f t e r  I d e n t i fy in g  th e  c o n tro l  s e c t io n  on which th e  p a r t i c u l a r  b r id g e  
e x i s t s .  Average ag es  f o r  th e  b r id g e s  were c a lc u la te d  from th e  re c o rd s  
m a in ta in ed  In  th e  S tr u c tu re  Manual o f  th e  L o u is ia n a  D epartm ent o f High­
ways. S im ila r  d e t a i l s  on f e r r y  c ro s s in g  p o in ts  were o b ta in e d  w ith  
c o o p e ra tio n  of th e  m ain tenance s e c t io n .
The s a la ry  in c rem en t f a c to r s  a re  th e  f a c to r s  re q u ire d  to  o b ta in  
s a la r y  v a lu e s  fo r  s u c c e s s iv e  y e a r s  u s in g  1969 a s  a b a se . T hese f a c to r s  
w ere c a lc u la te d  by f in d in g  th e  a v e rag e  h o u rly  wage fo r  b r id g e  and f e r ry  
te n d e rs  f o r  any p a r t i c u l a r  y e a r  and d iv id in g  t h i s  h o u rly  r a t e  by 1969 
r a t e .  For f i s c a l  y e a r s  1971-72 and 1972-73, f r in g e  b e n e f i t s  w ere 
in c lu d e d  In  the  t o t a l  s a la ry  and th u s  in  th e  co st, d a ta  o f t h i s  m ain te ­
nance fu n c t io n . The c o s t  d a ta  f o r  each p a r is h  was c a lc u la te d  by accu­
m u la tin g  e x p en d itu re s  on work fu n c tio n s  561 and 563 fo r  each  y e a r .
4 ,8  M aintenance Overhead and 
A d m in is tra tio n  D ata
T h is  i s  the  on ly  m ain tenance ca teg o ry  f o r  which th e  p r e d ic t io n  
model i s  based on d i s t r i c t - w id e  e x p e n d itu re . T h is p ro ced u re  was n eces­
s a ry  b ecau se  th e re  i s  no lo g ic a l  b a s i s  o f d i s t r i b u t i n g  t h i s  ty p e  o f 
e x p e n d itu re  to  a p a r t i c u l a r  c o n t r o l  s e c t io n  o r  even to  a p a r i s h .  Again
TABLE 4.8
RIVER CROSS IMG OPERATIONS KAIMTEHAMCE DATA
P a r ia h




T o ta l
L ength
(F e e t)
T o ta l
D aily













P o in ts
T o ta l
P e rry
C ap ac ity
T o ta l
D a lly




S a la ry
Increm ent
F a c to r
T o ta l
Annual
C ost
(D o lla rs )
23 73 9 2700 19459 16 621 17 0 0 0 0 1.6813 171860
23 72 9 2700 19169 15 515 16 0 0 0 0 1.6071 145846
23 71 9 2700 16880 15 515 15 0 0 0 0 1.1856 113579
23 70 9 2700 17308 15 489 14 0 0 0 0 1.0217 97295
23 69 9 2700 17745 15 490 13 0 0 0 0 l.OOCO 97292
28 73 4 1256 17950 6 88 19 0 0 0 0 1.6813 61069
2B 72 4 1256 17928 6 127 18
/V. A
0 0 0 0 1.6071 62367
24 70 3 1125 3052 12 1101 7 2 36 1124 40 1.0217 420774
24 69 3 1125 2819 12 1119 6 2 36 1060 40 1.0000 373389
63 73 0 0 0 0 0 0 1 40 1301 20 1.6813 307182
63 72 0 0 0 0 a 0 1 40 1301 20 1.6071 268759
63 70 0 0 0 0 0 0 1 40 1260 20 1.0217 220595
63 69 0 0 0 0 0 0 1 40 1240 20 1.0000 191536
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f i v e  y e a r s  o f d a t a ,  s t a r t i n g  from  th e  y e a r  1969, was u sed  to  d evelop  
th e  m odel. The c o s t  d a ta  was ta k e n  d i r e c t l y  from  th e  summary o f th e  
F u n c tio n  C ost L edger (4 7 c ) . E x p e n d itu re s  on work fu n c t io n s  651 to  699 
f o r  m ain ten an ce  overhead  and 811 to  910 f o r  a d m in is t r a t io n  w ere accu­
m u la ted  f o r  each d i s t r i c t  f o r  each  f i s c a l  y e a r .  The w ork fu n c tio n s  
706 th ro u g h  788 f o r  s e r v ic e  c e n te r s  and c le a r in g  a cc o u n ts  w ere n o t 
c o n s id e re d  s in c e  th e y  a r e  u s u a l ly  d i s t r i b u t e d  in  o th e r  r e g u la r  main­
te n a n c e  f u n c t io n s .  C ost d a ta  f o r  f i s c a l  y e a r s ,  1970-71 , 1971-72 and 
1972-73 in c lu d e d  f r in g e  b e n e f i t s  g iv e n  to  th e  em ployees.
M ileages f o r  d i f f e r e n t  s u r f a c e  c a te g o r ie s  f o r  each  y e a r  were 
ta k e n  from  th e  Road In v e n to ry  R ecord (4 7 f)  and accum ulated  f o r  each 
p a r i s h .  C la s s i f i c a t i o n  o f  t o t a l  highway m ileag e  in to  u rb a n  m ileag e  and 
r u r a l  m ile a g e  and t o t a l  v e h ic le  m ile s  o f  t r a v e l  w ere ta k e n  from  th e  
a n n u a l T r a f f i c  R eport (4 7 h ) .
The number o f  a d m in is t r a t iv e  em ployees was c a lc u la te d  by ta k in g  
th e  t o t a l  hou rs  sp e n t on work fu n c t io n s  811 to  910 and d iv id in g  them 
by th e  an n u a l number o f work h o u r s ,  2 0 8 0 .0 . The a c tu a l  work h ou rs  w ere  
ta k e n  from  th e  an n u a l P erfo rm ance  A n a ly s is  Ledger (47e) m a in ta in ed  by 
th e  M ain tenance s e c t io n .  The t o t a l  number o f  n o n -a d m in is tr a t iv e  m ain­
te n a n c e  em ployees was d e te rm in ed  from  th e  Employee L i s t in g  (47a) f o r  
each  d i s t r i c t  in  each  y e a r .
S a la ry  in c rem en t f a c to r s  w ere c a lc u la te d  in  th e  same manner a s  
was done f o r  r i v e r  c ro s s in g  o p e r a t io n s .  For th e  y e a r s  1971, 1972 and 
1973, f r in g e  b e n e f i t s  o f  3 4 .0 5  p e r c e n t ,  35 .053  p e rc e n t  and 37 .045 
p e r c e n t  o f t o t a l  s a la r y  r e s p e c t iv e ly  w ere used  w h ile  c a lc u la t in g  s a l a r y  
In c rem en t f a c t o r s .  T ab le  4 .9  shows t y p i c a l  d a ta  c o l le c te d  in  t h i s  
















MUITBU1K3 OVEUEAD AHD ADMIMISTSATIOM SATA
T o ta l Humber _ .
Bitiaainoue Concrete G ravel Urban R ural T eh lc la  °  o f  Admin- s a la ry
M ileage M ileage H ilaage M ileage M ileage M ilea o f  I T " ? 1*" l a t r a t l v e  Increm ent
i ™™1 S S I -
1235.74 503 .08 53.04 261.01 920 .01 8912175 560 75 1.6813
1161.48 486 .43 41.61 260.56 915 .32 8715147 549 69 1.6071
666 .06 483 .64 42 .0 0 256 .55 900.55 6011162 558 70 1.5887
835.78 484.74 45 .8 1 256.30 900 .49 7701799 613 66 1.0217
838.12 487 .26 41 .8 5 227.18 930.04 7592060 631 68 1.0000
861 .20 1218.04 253 .68 110 .68 1902.22 4819640 520 78 1.6813
836 .09 1166.89 267 .94 110.79 1903.32 4505406 554 75 1.6071
509 .00 1105.81 128 .06 105 .06 1495.17 4495801 560 72 1.0000
550.64 1242.51 79 .79 62 .12 1656.58 3250286 361 63 1.6813
542.89 1234.55 96 .17 6 3 .0 4 1656.27 3059997 402 61 1.6071
488 .08 1232.60 103 .65 60 .1 3 1646.44 3017279 420 63 1.5887
442.60 1269.67 118 .70 4 4 .4 8 1636.60 2786573 449 63 1.0217
437 .OS 1X34.44 118 .70 50 .29 1604.04 2673976 487 66 1.0000
CHAPTER V
DEVELOPMENT OF MAINTENANCE MODELS
5 .1  G e n e ra l
Seven s t a t i s t i c a l  m odels w ere d ev e lo p ed  u t i l i z i n g  th e  m ethod o f  
l e a s t  s q u a r e s .  These m odels e s t im a te  m ain ten an ce  c o s t  re q u ire m e n ts  
In  v a r io u s  c a te g o r ie s  a s  e x p la in e d  I n  C h ap ter I I I .  The com puter 
l i b r a r y  p ro g ram  SAS (1 7 ) was u sed  f o r  a n a ly s is  o f  th e  d a ta  and th e  
developm ent o f  m o d e ls . The SAS p rogram  accom odates th e  use o f  dummy 
v a r i a b l e s ,  an o p tio n  w h ich  proved  to  b e  o f  g r e a t  v a lu e  in  t h i s  i n v e s t i ­
g a t io n .  Some Im proved te c h n iq u e s  in c lu d e d  in  SAS f o r  f in d in g  th e  b e s t  
model s u b j e c t  to  s p e c i f i e d  s t a t i s t i c a l  c r i t e r i o n  w ere  used  to  a r r i v e  
a t  th e  p r e l im in a r y  m o d e ls . L a te r  s y s te m a tic  m o d if ic a t io n  o f  th e s e  p re ­
lim in a ry  m odels le d  to  optimum m odels t h a t  were s t a t i s t i c a l l y  sound  and 
cou ld  be  l o g i c a l l y  e x p la in e d  from e n g in e e r in g  ju d g m en t.
The f i r s t  f iv e  m odels a re  a p p l i c a b le  to  any c o n t r o l  s e c t i o n ,  
w h ile  th e  m odels f o r  r i v e r  c ro s s in g  o p e ra t io n s  and m ain tenance  o v e r ­
head and a d m in is t r a t io n  a r e  a p p l ic a b le  a t  th e  p a r i s h  and d i s t r i c t  l e v e l s  
r e s p e c t iv e ly .  A ppendix C g iv e s  an exam ple d e s c r ib in g  th e  u se  o f  th e s e  
m odels f o r  d e r iv in g  m a in te n an c e  re q u ire m e n ts  f o r  a  g iv e n  roadway s e c ­
t io n .  A d e s c r ip t i o n  o f  a l l  th e  s t a t i s t i c a l  t e s t s  n e c e s sa ry  f o r  v a l i ­
d a t in g  th e  d eveloped  m odels i s  g iv e n  in  Appendix B.
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5 .2  S u rface  M aintenance
A fte r  v e r i f i c a t i o n  f o r  m ain ten an ce  adequacy , 81 o b s e rv a tio n s  
w ere  a v a i l a b le  to  d ev e lo p  t h i s  m odel. Based on t h i s  d a ta  s e t ,  d i f f e r ­
e n t  r e g r e s s io n  models w ere  t r i e d  in  o r d e r  to  d ev e lo p  a  s t a t i s t i c a l l y  
v a l i d  model t h a t  could  b e  su p p o rted  by e n g in e e r in g  judgm ent. I n i t i ­
a l l y ,  m odels , s im p le  i n  n a tu r e ,  were t r i e d  in  an  e f f o r t  to  g a in  more 
in fo rm a tio n  re g a rd in g  th e  I n te r a c t io n  betw een  th e  in d ep en d en t and 
dep en d en t v a r i a b le s  a s  w e l l  a s  betw een th e  in d e p en d e n t v a r ia b le s  them­
s e lv e s .  The s im p le  m o d e ls , how ever, d id  n o t p ro v e  t o  be  s a t i s f a c t o r y .  
S t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  s e t  re v e a le d  t h a t  n o n lin e a r  form s 
o f  c e r t a in  v a r ia b le s  and s e v e r a l  c ro s s  p ro d u c t te rm s b o re  s i g n i f i c a n t  
c o r r e l a t i o n  w ith  th e  d ep en d en t v a r i a b le .  S e v e ra l n o n l in e a r  and c r o s s -  
p ro d u c t te rm s t h a t  w ere found  to  have s i g n i f i c a n t  c o r r e l a t i o n  w ith  th e  
d ep en d en t v a r i a b l e  w ere th e n  in c lu d ed  in  th e  r e g r e s s io n  a n a ly s i s  and 
s i g n i f i c a n t  improvem ent w as n o t ic e d .  The 'f in a l  s u r f a c e  m ain ten an ce  
e q u a tio n  t h a t  was found t o  be  most s a t i s f a c t o r y  w as,
SPMC -  19.5986 +  177.8502(ASP) +  0.0642(CNADT) +  4.3404 (ABTH)
-  0 .0 0 9 3 6 (ADDN).
Where
SFMC “  av erag e  a n n u a l s u r fa c e  m ain ten an ce  c o s t  ( d o l l a r s )  p e r  
c e n te r l i n e  m ile  o f th e  c o n t r o l  s e c t i o n .
e q u iv a le n t  2- la n e  m ile a g e  o f  h o t mix o r  b itu m in o u s 
s u r fa c e  t r e a t e d  s e c t io n  f o r  th e  e n t i r e  c o n tr o l  s e c t io n
fl j jK *1 ■ ■ ■ ■ I ■! ■ ......... ^ ^ nil ■■ —^ ^
t o t a l  c e n t e r l i n e  m ileag e  o f  th e  c o n t r o l  s e c t io n
CONC
e q u iv a le n t  2- l a n e  m ileag e  of c o n c re te  o r  b itu m in o u s 
c o n c re te  s e c t io n  fo r  th e  e n t i r e  c o n t r o l  s e c t io n
t o t a l  c e n t e r l i n e  m ileag e  o f  th e  c o n t r o l  s e c t io n  
SN ■ a  coded th ic k n e s s  number w hich has b een  d e sc r ib e d  e a r l i e r ,
7 0
ADT = a v e ra g e  d a l ly  t r a f f i c  th ro u g h o u t th e  c o n t r o l  s e c t io n .
ADTH -  (ADT)1^2 .
ADDN -  (ADT) • (SN).
CNADT -  (CONC) • (ADT).
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S e v e ra l  o th e r  v a r i a b le s  such  a s  s o i l  su p p o r t  v a lu e  (S O IL ), (SOIL) , 
(SO IL)"^2 , (SN)2 , (S N ) ^ 2 , p ro d u c t  o f  SOIL and SN and o th e r  forms o f 
c ro s s -p r o d u c ts  w ere  t r i e d  a  p r i o r i . However, th e y  proved  to  be  s t a t i s ­
t i c a l l y  i n s i g n i f i c a n t  o r  r e s u l t e d  in  p o o re r  q u a l i t y  m od e ls .
T ab le  5 .1  g iv e s  th e  s t a t i s t i c a l  v a lu e s  w hich i n  tu r n  de term in e
2
th e  r e l i a b i l i t y  o f  t h i s  m odel. For t h i s  k in d  o f  m odel, th e  R v a lue  
o f  0 .8575  I s  q u i t e  h ig h . The t - t e s t  f o r  each  o f  th e  c o e f f i c i e n t s  i s
t
s a t i s f a c t o r y  and a  v e ry  low c o n s ta n t  term  would be  i n t u i t i v e l y  ex p ec ted . 
A v a lu e  o f 120 .1302  fo r  s ta n d a rd  e r r o r  o f  e s t im a te  may seem h ig h ; 
h ow ever, when c u e  c o n s id e rs  th e  v a r i a t i o n  In  m a in ten an ce  req u irem en ts  
be tw een  d i f f e r e n t  c la s s e s  o f  roadw ay, a l l  o f  w hich  a re  accom odated in  a  
s i n g l e  m odel, th e  v a lu e  does n o t  seem u n j u s t i f i e d .
The m ost im p o r ta n t v a r i a b l e  in  th e  m odel i s  a v e rag e  d a l ly  t r a f f i c  
(ADT) and i t  e n t e r s  th e  m odel i n  th r e e  d i f f e r e n t  fo rm s. I t  i s  expected  
t h a t  t r a f f i c  w i l l  h ave  th e  maximum e f f e c t  s in c e  i t  i s  h y p o th e s iz e d  th a t  
w ear and t e a r  on th e  roadway s u r f a c e  I s  p r im a r i ly  due to  v e h ic u la r  
t r a f f i c .  The m odel accom odates a t r a f f i c  volum e ran g e  betw een  300 vpd 
to  24 ,000 vpd . ADT by i t s e l f  i s  most s i g n i f i c a n t  in  i t s  sq u a re  ro o t 
fo rm . T his can be  i n t u i t i v e l y  su rm ised  b ecau se  a h u n d re d fo ld  in c re a se  
in  t r a f f i c  volume would n o t n e c e s s a r i ly  r e q u i r e  a  h u n d re d fo ld  in c re a s e  
i n  m ain tenance  a c t i v i t y .
I t  i s  e x p e c te d  th a t  s u r f a c e  ty p e  w i l l  have  some b e a r in g  on th e  
m ain ten an ce  e x p e n d itu re .  Thus b o th  ASP and CONC e n te r  th e  model in
TABLE 5 .1
STATISTICAL SUMMARY FOR SURFACE MAINTENANCE MODEL
INTERCEPT ASP CNADT ADTH ADDN
B V alues 19.5986 177.8502 0.0642 4.3404 -0 .00936
T f o r  HO:B -  0 0.2533 3.8594 9.7549 2.7227 -5 .69470
P r o b a b i l i ty  > T 0.8007 0.0002  0.0001 0.0080 0.00010
STD. E rro r  B 77.3666 46.0823 0.0066 1.5941 0.00160
STD. B V alues 0.0000 0.2733 2.1798 0.4687 -1 .58720
R2 0.8575
c .v . 2 8 .6 152%
SEE 120.1302
C a lc u la te d  F - r a t io 114.3597
T h e o re t ic a l  FQ̂  r a t i o 2.4900
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v a r io u s  fo rm s. I t  I s  I n t e r e s t i n g  to  n o te  t h a t  ADT h as  a  s p e c ia l  e f f e c t  
on c o n c re te  s u r f a c e  and t h a t  d e te r io r a t io n  o f c o n c re te  s u r fa c e s  w i l l  be  
f a s t e r  th a n  a s p h a l t  s u r fa c e s  f o r  th e  same In c re a se  I n  t r a f f i c  volum e.
As can be in f e r r e d  from  e n g in ee rin g  judgm ent, th e  s t r u c t u r a l  
c h a r a c t e r i s t i c s  o f  th e  pavem ent w i l l ,  to  a  c e r ta in  e x t e n t ,  d i c t a t e  th e  
m ain tenance c o s t .  The SN v a lu e  e n te r s  th e  model to  accom odate such  an  
e f f e c t .  However, an I n t e r a c t io n  between th e  s t r u c tu r a l  param eter and 
t r a f f i c  volume I s  more Im p o rtan t In  t h i s  c a se  than  th e  s t r u c t u r a l  p a ra ­
m eter a lo n e . The c o e f f i c i e n t  a s s o c ia te d  w ith  th e  v a r ia b le  SN i s  nega­
t i v e  and t h i s  c o n d itio n  sh o u ld  be e x p e c te d , s in c e  a  h ig h e r  v a lu e  o f SN 
means a  h ig h e r  su p p o rt s t r e n g th  fo r  th e  ro a d  su rfa c e  and a s  th e  s t r e n g th  
I n c r e a s e s ,  th e r e  should  be l e s s  m ain tenance re q u ire d .
To j u s t i f y  th e  v a l i d i t y  o f  th e  model and ensu re  t h a t  th e  model i s  
n o t b ia s e d ,  i . e . ,  does n o t s y s te m a t ic a l ly  p r e d ic t  low v a lu e s  f o r  one 
ran g e  and h ig h  v a lu es  fo r  a n o th e r ,  a p lo t  o f  p re d ic te d  v e rs u s  observed  
s u r f a c e  m ain tenance  costB  a re  p lo t te d  and a r e  shown i n  F ig u re  5 .1 .
5 .3  Shou lder and Approach M aintenance
To p r e d ic t  t h i s  c a te g o ry  o f m ain tenance  c o s t re q u ire m e n t, a w ide 
number of v a r ia b le s  and t h e i r  c ro s s -p ro d u c ts  were t r i e d  to  o b ta in  a  
s t a t i s t i c a l l y  sound r e g re s s io n  model t h a t  cou ld  be e x p la in e d  from 
e n g in e e rin g  judgm ent. I n i t i a l  t r i a l s  w ith o u t c ro s s -p ro d u c ts  and non­
l i n e a r  term s d id  n o t p rove to  be f r u i t f u l .  Even w ith  th e  c ro s s -p ro d u c ts  
d i f f i c u l t y  was ex p erien ced  i n  s e le c t in g  th e  p roper group o f  v a r ia b le s  
t h a t  should  be in c lu d ed  In  th e  re g re s s io n  m odel. However, u s ing  th e  
SAS (17) c a p a b i l i ty  of MAX R and MIN R te c h n iq u e s , some s a t i s f a c to r y  
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w ith  r e s p e c t  to  th e  v a r io u s  s t a t i s t i c a l  t e s t s .  Then a  m e th o d ic a l d e le ­
t i o n  and a d d i t io n  o f j u s t i f i a b l e  c r o s s -p r o d u c ts  le d  to  a  s a t i s f a c t o r y  
m odel.
In s te a d  o f  t r y in g  to  c l a s s i f y  th e  sh o u ld e rs  in  d e t a i l ,  o n ly  th e  
paved and non-paved c l a s s i f i c a t i o n s  w ere u sed . However, s h o u ld e rs  
b e lo n g in g  to  a l l  ro ad  c l a s s i f i c a t i o n s ,  i . e . ,  I n t e r s t a t e ,  P r im a ry , 
Secondary and F arm -to -M arket w ere in c lu d e d  in  th e  m odel.
A t o t a l  o f  83 d a ta  s e t s  w ere u sed  to  b u i ld  th e  f i n a l  m odel. The 
In d ependen t v a r ia b le s  and d i f f e r e n t  c ro s s -p ro d u c t  term s t h a t  w ere 
i n i t i a l l y  t r i e d  a re  l i s t e d  below . However, in  th e  f i n a l  m odel on ly  
th e  s i g n i f i c a n t  v a r i a b le s  and t h e i r  c ro s s -p r o d u c ts  w ere r e t a i n e d .
SHMC ■ an n u a l s h o u ld e r  and ap p ro ach  m ain tenance  c o s t  ( d o l l a r s )  
p e r  c e n t e r l i n e  m ile  o f  th e  roadway s e c t io n .
AGE « age o f th e  sh o u ld e r  b e in g  c o n s id e re d ,
WID ■ w id th  o f th e  sh o u ld e r  f o r  th e  e n t i r e  c o n t r o l  s e c t io n .
SOIL -  s o i l  su p p o r t v a lu e  o f  th e  su b g rad e .
ADT -  a v e rag e  d a l ly  t r a f f i c  f o r  th e  c o n t r o l  s e c t i o n .
e q u iv a le n t  2- la n e  m ile a g e  o f  non-paved sh o u ld e r
w f o r  th e  e n t i r e  c o n t r o l  s e c t io n ___________________
t o t a l  c e n t e r l i n e  m ileag e  o f th e  c o n tro l  s e c t io n
e q u iv a le n t  2- la n e  m ile a g e  o f  paved sh o u ld e r
pyS m f o r  th e  e n t i r e  c o n t r o l  s e c t io n ___________________
t o t a l  c e n t e r l i n e  m ileag e  o f th e  c o n tr o l  s e c t io n
ADSL -  (ADT) • (SOIL).
ADDEN -  ADT/WID.
PVSL -  (PVS) * (SOIL).
PVDL -  PVS/SOIL.
SLPVN -  (PVNS) * (SOIL)
SLPVL -  PVNS/SOIL.
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PSAT -  (PVNS) • (SOIL) • (ADT).
ADTH -  (ADT)1 / 2 .
ADT2 » (ADT)2 .
AGEH -  (AGE)1 / 2 .
AGE2 -  (AGE)2 .
SOILH * (SOIL)1 ^2 .
SOIL2 -  (SOIL)2 .
The f i n a l  model t h a t  p ro v ed  s a t i s f a c t o r y  was,
SHMC -  17 .4904 +  2 8 4 .7275(PVS) +  13.8396(SLPVN) -  15.5833(PVSL)
+ 7 .2 3 2 4 (AGE) -  55.3266(SOIL) +  1.8785(ADTH).
2
An R v a lu e  o f .8091 was found f o r  t h i s  model. T a b le  5 .2  l i s t s  th e  
r e s u l t s  o f  a l l  th e  s t a t i s t i c a l  s ig n i f i c a n c e  t e s t s  f o r  t h i s  m odel.
F ig u re  5 .2  shows a  p l o t  o f  p re d ic te d  v e rs u s  observed  sh o u ld e r  and 
ap p ro ach  m ain tenance c o s t s  and p ro v e s  t h a t  th e  m odel does n o t e x h i b i t  
b ia s  i n  p r e d ic t io n .
I t  i s  I n t e r e s t i n g  to  n o te  t h a t  s im i l a r  to  paved  s h o u ld e r s ,  non- 
paved sh o u ld e rs  do n o t e n te r  th e  m odel a lo n e  b u t e n t e r  a s  a c r o s s -  
p ro d u c t w ith  th e  s o i l  su p p o rt v a lu e .  T h is  i s  q u i t e  j u s t i f i a b l e  from  
conanon sen se  s in c e  th e  s o i l  c h a r a c t e r i s t i c s  in  th e  c a a e  o f  non-paved 
s h o u ld e r s  w i l l  d i c t a t e ,  to  a  c o n s id e r a b le  e x te n t ,  th e  m ain tenance  
re q u ire m e n ts . The ADT v a lu e  has a  pronounced e f f e c t  on th e  sh o u ld e r  
m a in ten an ce  c o s t and i s  most s i g n i f i c a n t  in  i t s  s q u a re  ro o t  form . As 
can  b e  i n t u i t i v e l y  c o n c lu d ed , age a l s o  a f f e c t s  th e  s h o u ld e r  m ain ten an ce  
c o s t  to  a  c o n s id e ra b le  d eg ree .
The c h a r a c t e r i s t i c s  d e s c r ib in g  w hether a  s h o u ld e r  i s  paved o r  
non-paved  a re  im p o r ta n t v a r ia b le s  i n  d e te rm in in g  t h i s  c a teg o ry  o f  m ain­
te n a n c e  c o s t .  S o i l  su p p o r t  v a lu e  i s  th e  nex t im p o r ta n t v a r i a b le .  T h is
TABLE 5 .2
STATISTICAL SUMMARY FOR SHOULDER AND APPROACH MAINTENANCE MODEL
INTERCEPT PVS SLPVN PVSL AGE SOIL ADTH
B Values 17.4904 284.7275 13.8396 -1 5 .5833 7.2324 -5 5 .3266 1.8785
: f o r  HO:B » 0 0 .3871 10.7718 2:4422 -  1.9176 3.3328 -  3.3937 4.9038
P r o b a b i l i ty  > T 0.6997 0.0001 0.0169 0.0589 0.0013 0.0011 0.0001
STD. E r ro r  B 45.1722 26.4326 5.6669 8.1263 2.1701 16.3029 0.3831




C a lc u la te d  F - r a t io 53.6850
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I s  ex p ec ted  s in c e  a  l a r g e  p e rc e n ta g e  o f th e  sh o u ld e rs  In  L o u is ia n a  a re  
non-paved and a re  c o n se q u e n tly  m o stly  dependent on s o i l  s t r e n g th  fo r  
su p p o rtin g  th e  v e h ic u la r  lo a d . The re g re s s io n  c o e f f i c i e n t  f o r  th e  
s o i l  su p p o rt v a lu e  I s  n e g a t iv e .  T h is i s  j u s t i f i a b l e  s in c e  a  h ig h e r  
s o i l  su p p o rt v a lu e  w i l l  le s s e n  th e  m ain tenance re q u ire m e n ts . The s o i l  
su p p o rt v a lu e  a ls o  p la y s  an Im p o rtan t ro le  in  th e  form o f c r o s s -  
p ro d u c t te rm s . Even f o r  th e  paved s h o u ld e rs , th e  r e la te d  c r o s s -  
p ro d u c t term  i s  e s s e n t i a l  s in c e  u s u a l ly  th e  sh o u ld e rs  do n o t have  as 
s tro n g  a  s u r fa c e  and b a se  a s  th e  roadw ay, th u s  r e ly in g  m o stly  on th e  
s o i l  f o r  d is p e r s in g  th e  lo a d .
5 .4  R oadside and D ra inage  M aintenance
The e x p e n d itu re s  p e r  c e n te r l i n e  m ile  of roadway s e c t io n s  w ere 
used as  th e  dependent v a r ia b le  i n  th e  developm ent o f t h i s  p a r t i c u l a r  
m odel. The beBt model t h a t  cou ld  be developed h as  th e  fo llo w in g  mathe­
m a tic a l  form:
CRDRC -  50.8227 + 909.4986(CL1) + 1 5 1 .0 4 2 2 (0 .2 )
+  3 .8 6 4 0 (RAIN) + 2 2 .5248(AMOW) .
Where,
CRDRC « an n u a l ro a d s id e  and d ra in a g e  m ain tenance  c o s t  ( d o l l a r s )  
p e r  c e n te r l i n e  m ile  o f  roadway s e c t io n .
CL1 * 1 i f  th e  roadway s e c t io n  i s  a p a r t  o f  I n t e r s t a t e  System.
CLl = 0 i f  th e  roadway s e c t io n  i s  n o t a  p a r t  o f I n t e r s t a t e
System .
CL2 ■ 1 i f  th e  roadway s e c t io n  i s  a  p a r t  o f  Prim ary System .
CL2 » 0 i f  th e  roadway s e c t io n  i s  n o t a  p a r t  of P rim ary  System.
RAIN •  a n n u a l av erag e  r a i n f a l l  in  in c h e s .
AMOW * a c rea g e  o f  mowing needed fo r  c e n te r l i n e  m ile  o f  roadway 
s e c t io n .
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O th er v a r i a b le s  such  a s  number o f  r e s t  a re a s  and l i t t e r  b a r r e l s  and 
c r o s s -p r o d u c t  t e r n  betw een  RAIN and AMDW w ere t r i e d ;  how ever, th ey  
p ro v ed  to  have i n s i g n i f i c a n t  e f f e c t s .
I t  sh o u ld  be  n o te d  t h a t  CL1 and CL2 a re  dummy v a r ia b le s  in d ic a t in g  
th e  p re s e n c e  o r ab sen ce  o f  e f f e c t s  due to  th e  I n t e r s t a t e  and P rim ary  
System s. The e f f e c t  o f  th e  Secondary  and F arm -to -M arket System s a r e  
l o s t  i n  th e  c o n s ta n t  te rm  o f  th e  m odel. I n i t i a l l y ,  th e  Secondary 
System  was a ls o  t r i e d  a s  a  s e p a r a te  dummy v a r i a b l e ,  b u t  th e  c lo s e  
s i m i l a r i t y  in  m ain ten an ce  re q u ire m e n ts  f o r  Secondary  and F a rm -to - 
M arket System s d id  n o t a llo w  su ch  I s o la t e d  u s e .
The r e s u l t s  o f  th e  s t a t i s t i c a l  t e s t s  a re  p re s e n te d  in  T a b le  5 .3 .  
A creage Mowed 1b th e  m ost Im p o rta n t v a r ia b le  in  th e  model and d i c t a t e s  
th e  t o t a l  m ain ten an ce  e x p e n d itu re  to  a  g re a t  e x t e n t .  I n t u i t i v e l y ,  
r a i n f a l l  w i l l  have a c o n s id e ra b le  b e a r in g  upon t h i s  k in d  o f m ain ten an ce  
a c t i v i t y .  T h is i s  a c c o u n te d  f o r  I n  th e  m odel. The d i f f e r e n c e  i n  m ain­
te n a n c e  re q u ire m e n ts  f o r  d i f f e r e n t  fu n c t io n a l  c l a s s e s  a re  e x p la in e d  by 
th e  c o e f f i c i e n t s  o f  CLl and CL2 and th e  c o n s ta n t  te rm  in  Che m odel.
The m a in ten an ce  re q u ire m e n t f o r  I n t e r s t a t e  System s i s  e x tre m e ly  h ig h  
w h ile  P rim ary  System s have  a  more m odera te  re q u ire m e n t.
F ig u re  5 .3  shows a  p l o t  o f  p r e d ic te d  v e rs u s  observ ed  m ain ten an ce  
c o s ts  i n  t h i s  c a te g o ry .  I t  can b e  concluded  t h a t  th e  model i s  q u i t e  
e f f i c i e n t  in  p r e d ic t io n  f o r  ro ad s  w hich have a  c e n t e r l i n e  m ile  m a in te ­
nan ce  c o s t  o f  l e s s  th a n  $1000. For a  h ig h e r  m ain ten an ce  re q u ire m e n t, 
th e  r e l i a b i l i t y  o f  th e  m odel d e c r e a s e s .
5 .5  S t r u c tu r e  M ain tenance
Development o f  a  m ean in g fu l model in  t h i s  c a te g o ry  was m ost d i f f i ­
c u l t .  T h is  was p ro b a b ly  due to  th e  problem  o f  u n d e r-m a in te n an c e  o f
TABLE 5 .3
STATISTICAL SUMMARY FOR ROADSIDE AND DRAINAGE MAINTENANCE MODEL
INTERCEPT CL1 CL 2 RAIN
■ .1 h-JL B — B
AMOW
B V alues 50.8227 909.4986 151.0422 3.8640 22.5248
T f o r  HO:B -  0 0.5102 6.2711 3.5683 2.6157 4.6770
P r o b a b i l i ty  > T 0.6105 0.0001 0.0005 0.0096 0.0001
STD. E r ro r  B 99.6108 145.0299 42.3295 1.4772 4 .8161




C a lc u la te d  F - r a t io 114.9697
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s t r u c tu r e s  i n  L o u is ia n a . P a r t  o f  th e  problem  co u ld  a ls o  be  a t t r i b u t e d  
to  th e  ab sen ce  o f  e s s e n t i a l  d a ta  on i n i t i a l  c o n s t r u c t io n  c o s t s  and p r e ­
v io u s  m ain ten an ce  work done on th e  s t r u c t u r e s .  However, th e  b e s t  
model t h a t  co u ld  be d e v e lo p ed , c o n s id e r in g  th e  l i m i t a t i o n  i s ,
RCOST -  42 .8977 + 2257 .4629(SNB) + 9.27(SAL)
-  0.2671(DWCS) +  0 .2 9 1 7 (DWCO).
W here,
RCOST -  a n n u a l s t r u c t u r e  m ain ten an ce  c o s t  ( d o l l a r s )  p e r  c e n te r -  
l i n e  m ile  o f  roadway s e c t io n .
SND -  number o f  s t e e l  s t r u c tu r e s  p e r  c e n te r l i n e  m ile  of 
roadway s e c t io n .
SAL -  le n g th  o f  s t e e l  s t r u c t u r e s  p e r  c e n te r l i n e  m ile  o f 
roadway s e c t io n .
DWCS -  combined deck  a r e a  o f  t im b e r , c o n c re te  and s t e e l  s t r u c ­
tu r e s  p e r  c e n te r l i n e  m ile  o f roadway s e c t io n .
DWCO ■ combined deck  a re a  o f  t im b e r , c o n c re te  and o th e r  s t r u c ­
tu r e s  p e r  c e n te r l i n e  m ile  o f  roadway s e c t io n .
S te e l  s t r u c t u r e s  have  th e  maximum e f f e c t  on t h i s  c a te g o ry  o f m ain­
ten an ce  c o s t s .  The number o f  s t e e l  s t r u c t u r e s ,  t h e i r  le n g th  and deck 
a re a  a re  a l l  Im p o rtan t i n  d e te rm in in g  th e  in f lu e n c e  on c o s t s .  Timber 
and c o n c re te  s t r u c tu r e s  do n o t u s u a l ly  consume a  la r g e  p o r t i o n  o f  th e  
m ain ten an ce  d o l l a r  and a r e  p ro p e r ly  acco u n ted  fo r  by  a  s m a ll c o e f f i c i e n t .  
However, o th e r  s t r u c tu r e s  a re  im p o rta n t due to  t h e i r  number and r e l a ­
t i v e l y  s h o r t  d e s ig n  l i f e  and q u a n t i ty .
T ab le  5 .4  g iv e s  th e  r e s u l t s  o b ta in e d  from th e  s t a t i s t i c a l  s i g n i ­
f ic a n c e  t e s t s  o f  t h i s  m odel. A lo o k  a t  th e  p r e d ic te d  v e rs u s  observed  
m ain tenance  c o s ts  p l o t  in  F ig u re  5 .4  shows th a t  in  m ost c a s e s  p re d ic te d  
v a lu e s  a re  u s u a l ly  h ig h e r  th an  th e  observed  v a lu e s .  T h is  i s  a  r e f l e c ­
t io n  on th e  Inadequacy  o f s t r u c t u r a l  m ain ten an ce  in  L o u is ia n a .
TABLE 5 .4
STATISTICAL SUMMARY FOR STRUCTURE MAINTENANCE MODEL
INTERCEPT SNB SAL DWCS DWCO
B V alues 42.8977 2257.4629 9.27000 -  0.2671 0.2917
T f o r  HO:B = 0 1.3085 2.2027 3.79760 -  4.5900 4.7628
P r o b a b i l i ty  > T 0.1959 0.0316  0.00040 0.0001 0.0001
STD. E r ro r  B 32.7841 1024.8427 2.44100 0.0582 0.0612




C a lc u la te d  F - r a t io 14.5784
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6 T r a f f i c  S e rv ic e  M aintenance
T h is  c a te g o ry  o f  m ain tenance e x p e n d itu re  was examined by u s in g
th e  c e n te r l i n e  m ile  m ain tenance c o a ts  fo r  d i f f e r e n t  f u n c t io n a l  c la s s e s
o f  highw ays i n  each  p a r is h  a s  th e  dependent v a r i a b l e .  The fo llo w in g
In p en d en t v a r ia b le s  re g re s se d  a g a in s t  th e  dependent v a r ia b le  r e s u l te d
in  a  s a t i s f a c t o r y  re g re s s io n  m odel.
INT » 1 i f  th e  roadway s e c t io n  i s  p a r t  o f  an I n t e r s t a t e  System .
INT -  0 i f  th e  roadway s e c t io n  i s  n o t  p a r t  o f  an I n t e r s t a t e
System.
PRI ■ 1 i f  th e  roadway s e c t io n  i s  p a r t  o f  a  P rim ary  System.
PRI -  0 i f  th e  roadway s e c t io n  i s  n o t p a r t  o f  a  P rim ary  System.
URB -  p ro p o r t io n  o f u rb an  m ileage  in  one c e n te r l in e  m ile  o f  th e  
g iv en  roadway s e c t io n .
RUR -  p ro p o r t io n  o f r u r a l  m ileage  in  one c e n te r l in e  m ile  o f th e  
g iv en  roadway s e c t io n .
UADT ■ av erag e  d a i ly  t r a f f i c  on th e  u rb an  p a r t  o f  a  g iv en  ro ad ­
way s e c t io n .
RADT ■ av erag e  d a i ly  t r a f f i c  on th e  r u r a l  p a r t  o f  a  g iv en  ro ad ­
way s e c t io n .
XURB -  (URB) • (UADT).
XRUR » (RUR) • (RADT).
The f i n a l  model assumed th e  fo llo w in g  form:
ATSFC -  81.2023 + 572.730(IN T) + 9 0 .5 3 6 7 (PRI)
+  0 .0 2 9 4 (XURB) + 0.0372(XRUR).
A gain th e  secondary  system  proved to  b e  s t a t i s t i c a l l y  i n s i g n i f i ­
can t when used as  a  s e p a ra te  dummy v a r ia b le  and was combined w ith  th e  
Farm -to-M arket system . Both o f th e s e  system s w ere absorbed  i n  th e
2
c o n s ta n t term  o f th e  m odel. T ab le  5 .5  shows th a t  a s a t i s f a c t o r y  R 
v a lu e  o f  0.85897 was o b ta in e d  f o r  th e  m odel. A ll  o th e r  s t a t i s t i c a l
TABLE 5 .5
STATISTICAL SUMMARY FOR TRAFFIC SERVICE MAINTENANCE MODEL
INTERCEPT INT PRI XURB XRUR
B V alues 81.2023 572.7307 90.5367 0.0294 0.0372
T f o r  HO:B * 0 7.0602 11.9680 3.9556 13.7477 7.3268
P r o b a b i l i ty  > T 0.0001 0.0001  0.0001 0.0001 0.0001
STD. E rro r  B 11.5014 47.8551 22.8885 0.0021 0.0051




C a lc u la te d  F - r a t io 298.4349






























0 0  2.0 4 .0  6 .0  8 .0  10.0 (2.0 14.0 16.0 ISO 20,0
OBSERVED VALUE (100 DOLLARS)
F ig u re  5 .5  P lo t  o f  P re d ic te d  v s .  O bserved T r a f f ic  
S e rv ice  M aintenance C o ats .
88
s ig n i f ic a n c e  t e s t s  w ere  s a t i s f a c t o r y .  F ig u re  5 .5  shows th e  p lo t  o f  
p r e d ic te d  v e rsu s  o b serv ed  m ain tenance  c o s t s  in  t h i s  c a te g o ry  and shows 
t h a t  t h e r e  i s  n o t b i a s  i n  th e  m odel.
The model shows t h a t  th e  m ost im p o r ta n t c r i t e r i o n  in  d e te rm in in g  
th e  m ain ten an ce  re q u ire m e n t fo r  t h i s  c a te g o ry  i s  th e  f u n c t io n a l  c l a s s  
in  w hich a  p a r t i c u l a r  c o n t r o l  s e c t io n  f a l l s  and i s  in d ic a te d  by th e  
s i g n i f i c a n t  d i f f e r e n c e  betw een m a in ten an ce  re q u ire m e n ts  betw een d i f ­
f e r e n t  fu n c t io n a l  c l a s s e s . Im p o rtan t a l s o  i s  w h e th er o r  n o t a roadway 
s e c t io n  i s  an u rban  s e c t io n  o r a  r u r a l  s e c t io n  and th e  volum e o f d a i l y  
t r a f f i c  u s in g  th e  f a c i l i t y .  R ura l ro a d s  a p p a re n tly  h av e  a  h ig h e r  
im pact on th e  m ain ten an ce  re q u ire m e n ts  th a n  do u rb an  ro a d s  becau se  m ost 
o f  th e  w ork fu n c tio n s  i n  t h i s  m ain ten an ce  c a te g o ry  a r e  la b o r  o r ie n te d  
and e x t r a  amounts h ave  to  be  s p e n t on la b o r  and m a te r i a l  h a n d lin g  f o r  
r u r a l  ro a d s .
5 ,7  R iv e r  C ro ssin g  O p e ra tio n s  M ain tenance
As m entioned e a r l i e r , m ain tenance  re q u ire m e n ts  f o r  m ovable sp an  
b r id g e s  and f e r r y s  a r e  p re s e n t  in  o n ly  a  few c o n t r o l  s e c t io n s  w i th in  
th e  S ta te  o f  L o u is ia n a . Hence a  model on th e  b a s is  o f  c o n t r o l  s e c t io n s  
would b e  d i f f i c u l t  to  d evelop  from  a  s t a t i s t i c a l  p o in t  o f  v iew . As an  
a l t e r n a t i v e ,  t h i s  m odel was based  on each  p a r i s h 's  t o t a l  an n u al 
e x p e n d itu re  in  r i v e r  c ro s s in g  o p e r a t io n s .  F iv e  y e a r s '  d a ta  w ere uBed 
to  d ev e lo p  t h i s  m odel. The b e s t  m odel developed  w as,
AFCT -  3608.88 +  5155 .62 (BTDRS)(PINC) + 4516.39(FTDRS) (PINC)
+ 8 .0 7 5 (OPEN) +  2 9 5 7 .5 1 (CAP).
Where,
AFCT -  an n u al c o s t  ( d o l l a r s )  o f  r i v e r  c ro s s in g  o p e ra t io n s  f o r  
each p a r i s h  in  th e  s tu d y  y e a r .
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BTDRS ■* t o t a l  number o f  b rid g e  te n d e r s  in  th e  p a r i s h .
FTDRS -  t o t a l  number o f  f e r ry  te n d e rs  in  th e  p a r i s h .
PINC ■ s a la ry  in c rem en t f a c to r .
OPEN “  t o t a l  number o f  movable b r id g e  opening o p e ra t io n s  done 
an n u ally  f o r  a l l  the  m ovable b r id g e s  I n  th e  p a r is h .
CAP ■ t o t a l  c a p a c i ty  o f a l l  f e r r y  b o a ts  o p e ra t in g  i n  th e  p a r is h  
a n n u a lly .
O ther v a r i a b le s  such as  t o t a l  number and le n g th  o f m ovable b r id g e s  and
fe r ry s  i n  th e  p a r is h ,  a v e ra g e  d a l ly  t r a f f i c  and av erag e  age w ere t r i e d
b u t were e lim in a te d  s in c e  th ey  d id  n o t p ro v e  to  be s t a t i s t i c a l l y  b e t t e r
th an  th e  m odel p re se n te d .
2
The R v a lu e  f o r  th e  model was 0 .97928 and th e  h ig h e s t  o f a l l  th e  
models d eveloped  in  t h i s  s tu d y . In  f a c t  BRDRS and FTDRS to g e th e r  
e x p la in  a b o u t 95 p e rc e n t o f  the  v a r i a t i o n  in  th e  d a ta  f o r  th e  m ain te­
nance re q u ire m e n t in  t h i s  c a te g o ry . A sm a ll c o e f f i c i e n t  o f  v a r ia t io n  
and a h ig h  c a lc u la te d  F - r a t i o  s tro n g ly  e s t a b l i s h  th e  v a l i d i t y  o f  the  
model. T ab le  5 .6  and F ig u re  5 .6  d e s c r ib e  th e  r e s u l t s  o f  th e  s t a t i s t i c a l  
s ig n if ic a n c e  t e s t s  fo r  t h i s  model. The v a r ia b le s  th a t  came in to  t h i s  
model cou ld  have been s e le c te d  a p r i o r i  and a re  s a t i s f a c t o r y  from 
en g in ee rin g  judgm ent.
5 .8  M ain tenance Overhead and A d m in is tra tio n
Any model o f t h i s  n a tu r e  cannot lo g ic a l ly  be  b u i l t  on th e  b a s is  
of c o n tro l  s e c t io n s  due to  th e  absence o f  a s y n th e s iz in g  p rocedu re  
r e l a t in g  t h i s  catego ry  o f c o s t  to  a p a r t i c u l a r  c o n tro l  s e c t io n .  More­
o v e r, a d m in is tr a t iv e  w ork c o n s is ts  o f  fu n c tio n s  which a r e ,  i n  many 
In s ta n c e s ,  n o t  d i r e c t ly  r e l a t e d  to  th e  c o n tro l  s e c t io n s  them selv es .
The most r a t i o n a l  approach  seems to  b e  to  c o n s id e r  each  p a r i s h  as a
TABLE 5 .6
STATISTICAL SUMMARY FOR RIVER CROSSING OPERATIONS MAINTENANCE MODEL
INTERCEPT (BTDRS) • (PINC) (FIDRS) • (PINC) OPEN CAP
B V alues 3608.8800 5155.6200 4516.3900 8.0750 2957.5100
T f o r  HO:B = 0 1.4055 19.6923 15.8987 3.9496 11.3381
P r o b a b i l i ty  > T 0.1627 0.0001  0.0001 0.0001 0.0001
STD. E r ro r  B 2567.6200 261.8100 284.0700 2.0440 260.8500




C a lc u la te d  F - r a t io 1287.7100
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u n i t .  However, i n  L o u is ia n a  m ost o f  th e  a d m in i s t r a t iv e  and overhead  
r e s p o n s i b i l i t i e s  I n  each  p a r i s h  w i th in  a  d i s t r i c t  a re  o v e r la p p in g , 
fo r c in g  a  com plete  d i s t r i c t  t o  be  t r e a t e d  a s  a  u n i t .  F iv e  y e a r s 1 d a ta  
have b een  used  to  d ev e lo p  th e  d i s t r i c t - w i d e  m a in ten an ce  re q u ire m e n ts  
f o r  a d m in is t r a t io n  and o v e rh ead .
I n t u i t i v e l y ,  one can  su rm ise  t h a t  th e  t o t a l  number o f  a d m in is tr a ­
t i v e  and n o n -a d m ln is t r a t iv e  em ployees to g e th e r  w ith  th e  p h y s ic a l  s i z e  
o f  th e  highway ne tw ork  i n  th e  d i s t r i c t  w i l l  g o v ern  th e  t o t a l  m a in ten an ce  
e x p e n d itu re  I n  t h i s  c a te g o ry . As th e  developm ent o f  t h i s  m odel p ro ­
ceed ed , th e  r e s u l t s  e s ta b l i s h e d  th e  v a l i d i t y  o f  such  an  a ssu m p tio n .
O ther v a r i a b le s  such  a s  t o t a l  v e h ic l e  m ile s  o f  t r a v e l  and a  more de­
t a i l e d  c l a s s i f i c a t i o n  of th e  highway system  i n t o  r u r a l  and u rb an  ty p e s  
d id  n o t p ro v e  to  be  s t a t i s t i c a l l y  s a t i s f a c t o r y .  The optimum m odel had 
th e  fo llo w in g  m a th em atica l form :
CADM -  149566.57 +  846.38(ADMT)(PINC) +  84251 .37 (ENM).
W here,
CADM ■ an n u a l m ain ten an ce  overhead  and a d m in is t r a t io n  c o s t  
( d o l l a r s )  by d i s t r i c t .
AAJQM -  t o t a l  number o f  a d m in is t r a t iv e  em ployees i n  th e  ad m in is ­
t r a t i v e  and overhead  gang o f  th e  d i s t r i c t  i n  th e  g iv e n  
y e a r .
EMP -  t o t a l  number o f  n o n -a d m in ls t r a t iv e  em ployees in  th e  
d i s t r i c t  i n  th e  g iv e n  y e a r .
PINC -  s a la r y  in c rem en t f a c t o r .
TR “ t o t a l  c e n t e r l i n e  ro ad  m ileag e  i n  th e  d i s t r i c t  i n  th e  
g iv en  y e a r .




The s a la r y  in c re m e n t f a c t o r  a p p e a rs  to  be  q u i t e  im p o r ta n t i n  t h i s  c a s e ,  
ev en  though a t t r i t i o n  i n  manpower h as  b een  e x p e r ie n c e d  b e c a u s e  d u r in g  
th e  y e a r s  1969 th ro u g h  1973 r a p id  In c r e a s e s  i n  s a la r y  h av e  in c r e a s e d  
th e  m a in te n an c e  c o s t  b u rd e n .
T ab le  5 .7  shows th e  r e s u l t s  o f th e  s t a t i s t i c a l  t e s t s  f o r  t h i s  
m o d e l. The p l o t  o f  p r e d ic te d  v e r s u s  o b se rv ed  m a in ten an ce  c o s t s  in  
F ig u r e  5 .7  shows t h a t  no b ia s  e x i s t s  i n  th e  p r e d i c t i v e  pow er o f  th e  
m o d e l. A ll  th e  p o in t s  a r e  u n ifo rm ly  d i s t r i b u t e d  around th e  h y p o th e t i ­
c a l  45° l i n e .
TABLE 5 .7
STATISTICAL SUMMARY FOR MAINTENANCE OVERHEAD AND ADMINISTRATION MODEL
INTERCEPT
i ' g B M a s
(ADMT) • (PINC) ENM
B V alues 149566.5700 846.3800 84251.3700
T f o r  HO:B -  0 1.5015 8.8297 4.5293
P r o b a b i l i ty  > T 0.1409 0.0001 0.0001
STD. E r ro r  B 99611.9300 95.8560 18601.4000




C a lc u la te d  F - r a t io 50.6574
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
The developm ent of a d e q u a te  m a th e m a tic a l models f o r  p r e d ic t in g  
v a r io u s  c a te g o r ie s  o f  m a in ten an ce  c o s t  re q u ire m e n ts  c r e a te s  an 
e x tre m e ly  u s e f u l  a n a ly s is  t o o l .  A dequate management and p la n n in g  o f 
highw ay m a in ten an ce  a c t i v i t i e s  becomes an  a lm o s t im p o ss ib le  ta s k  w ith ­
o u t su ch  t o o l s . F a m i l ia r i ty  w ith  roadway s e c t i o n s , e x p e r ie n c e  and 
e n g in e e r in g  judgm ent have in  th e  p a s t  p ro v id e d  th e  b a s is  f o r  th e  
d e c is io n  m aking p ro c e s s .  T h is  re s e a rc h  h a s  a tte m p te d  to  d ev e lo p  a more 
r ig o ro u s  te c h n iq u e  f o r  e s t im a t in g  m ain ten an ce  re q u ire m e n ts  by d evelop ­
in g  a n a l y t i c a l  t o o l s  t h a t  a r e  founded on sound s t a t i s t i c a l  t h e o r i e s .  
Usage o f  th e  m ethod p re s e n te d  in  t h i s  e f f o r t  w i l l  h e lp  highw ay e n g i­
n e e r s  to  p r e d i c t  m ain ten an ce  re q u ire m e n ts  f o r  roadway s e c t io n s  w ith  a 
c o n s id e ra b le  d e g re e  o f r e l i a b i l i t y .
Seven m odels w ere d eveloped  i n  t h i s  r e s e a r c h  to  p r e d i c t  m ain te ­
nance re q u ire m e n ts  o f  any highw ay s e c t io n  i n  L o u is ia n a . T hese models 
a re  a p p l ic a b le  to  a l l  ty p e s  o f  s u r f a c e s  b e lo n g in g  to  any o f  th e  d e f in e d  
f u n c t io n a l  c l a s s e s .  The f i r s t  two m odels p r e d i c t  th e  a n n u a l s u r fa c e  
m a in ten an ce  and s h o u ld e r  and ap p ro ach  m a in ten an ce  re q u ire m e n ts  and a r e :  
SFMC » 19.5987 + 1 7 7 .8 5 0 2 (ASP) + 0.0642(CNADT)
+ 4 .3 4 0 4 (ADTH) -  0.0094(ADDN).
SHMC -  17.4903 + 284.7275(PVS) +  13.8396(SLPVN)
-  15.5833CPVSL) +  7 .2 3 2 4 (AGE
-  5 5 .3 2 6 6 (SOIL) +  1.8785(ADTH).
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Where ,
SFMC and SHMC a r e  a n n u a l c e n te r l i n e  m ile  s u r f a c e  m ain ten an ce  
and sh o u ld e r  and ap p ro ach  m ain ten an ce  c o s t s  r e s p e c t iv e ly .
The m odels c o n firm  th e  i n t u i t i v e  assu m p tio n s  t h a t  th e  th ic k n e s s e s  
o f  d i f f e r e n t  s t r u c t u r a l  la y e r s  o f  th e  roadw ay, s o i l  s t r e n g th  and a v e rag e  
d a i ly  t r a f f i c  a r e  th e  most Im p o r ta n t v a r ia b le s  t h a t  a f f e c t  th e  m ain te ­
nance c o s ts  i n  th e s e  c a te g o r i e s .  R e la t iv e  e f f e c t s  o f  th e s e  p a ra m e te rs  
cou ld  be  e v a lu a te d  from  th e  m odels to  f a c i l i t a t e  developm ent o f  f u tu r e  
highway d e s ig n  c r i t e r i o n  so t h a t  m ain tenance  c o s t s  cou ld  be m in im ized .
The n e x t th r e e  m odels p r e d i c t  th e  ro a d s id e  and d ra in a g e  m ain te ­
nance c o s t ,  s t r u c t u r e  m a in ten an ce  c o s t  and t r a f f i c  s e r v ic e  m a in ten an ce  
c o s t .  These m odels a re  d e s c r ib e d  a s  fo llo w s :
CRDRC -  50.8227 + 909.4986(CL1) + 1 5 1 .0 4 2 2 (CL2)
+  3 .8 6 4 0 (RAIN) +  22.5248(AMOW).
RCOST -  42.8977 +  2 2 5 7 .4 6 2 9 (SND) + 9 .2 7 (SAL)
-  0 .2 6 7 1 (SAD) + 0 .2 9 1 7 (SAO)
+ 0.0246(DWC).
ATSFC -  81.2023 +  5 7 2 .7 3 0 7 (INT) + 9 0 .5 3 6 7 (PRI)
+  0 .0 2 9 4 (XURB) + 0 .0 3 7 2 (XRUR).
W here,
CRDRC, RCOST and ATSFC a r e  th e  annual c e n te r l i n e  m ile  m ain ten an ce  
c o s ts  f o r  each  o f  th e  above c a te g o r ie s  r e s p e c t iv e ly .  The t r a f f i c  
volum e, c h a r a c te r i z a t i o n  o f  th e  highway s e c t io n  a s  u rb a n  o r  r u r a l ,  
number and ty p e s  o f  s t r u c t u r e s  to  be m a in ta in e d , c l im a t i c  cond i­
t io n s  'and e x te n t  o f v e g e ta t io n  c o n tr o l  p roved  to  be  th e  most 
im p o r ta n t f a c to r s  a f f e c t i n g  th e  c o s t s .
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The lasC  two m odels m ust be  a p p lie d  on p a r i s h  and d i s t r i c t - w i d e  
l e v e l s  r e s p e c t iv e ly  to  e s t im a te  th e  m a in ten an ce  re q u ire m e n ts  f o r  r i v e r  
c ro s s in g  o p e ra t io n s  and m a in ten an ce  o v e rh ead  and a d m in is t r a t io n .  These 
two m odels a r e  a s  fo llo w s :
AFCT -  3608.88  + 5 1 5 5 .5 1 6 5 (BRDRS)(PINC) +  451 6 .3 9 6 4 (FTDRS)(PINC)
+ 8 .0 7 4 8 (OPEN) +  2957 .5103(CAP).
CASH -  149566.56 +  8 4 6 .3 8 (ABUT)(PINC) +  8 4 2 5 1 .3 7 (ENM).
W here,
AFCT and CADM a re  a n n u a l m a in ten an ce  c o s t s  i n  th e s e  two 
c a t e g o r i e s .
S t a t i s t i c a l  e v a lu a t io n  o f  th e  above m odels shows t h a t  th e  m odels
d ev e lo p ed  f o r  s u r f a c e  m a in te n a n c e , s h o u ld e r  and ap p ro ach  m a in ten an ce ,
ro a d s id e  and d ra in a g e  m a in te n an c e , t r a f f i c  s e r v ic e  m a in ten an ce  and r i v e r
c ro s s in g  o p e r a t io n s  m a in ten an ce  a re  q u i t e  r e l i a b l e .  The c o e f f i c i e n t s
2
o f  d e te rm in a tio n  (R ) f o r  th e s e  m odels v a r ie d  from  0 .7 0  to  0 .9 8 . A ll 
o f  th e s e  m odels have sm a ll c o n s ta n t  te rm s and sm a ll c o e f f i c i e n t s  o f  
v a r i a t i o n .  However, i t  sh o u ld  be n o ted  t h a t  one m ust e n s u re  a d eq u a te  
m ain ten an ce  o f  th e  roadway s e c t io n s  on w hich  th e s e  m odels would be 
a p p l ie d  f o r  p r e d ic t in g  m a in ten an ce  c o s t s .  An u n d e r-  o r  o v e r-m a in ta in e d  
roadw ay s e c t io n  w i l l  show a c t u a l  e x p e n d itu re s  w id e ly  d i f f e r i n g  from  th e  
r e s u l t s  o b ta in e d  from  th e  m od e ls . M oreover, c a r e  sh o u ld  b e  ta k en  so  
t h a t  th e  t e s t  s e c t io n s  chosen  a r e  n o t o v e r ly  s m a ll .  T h is  i s  becau se  
a l l  th e  m o d e ls , ex ce p t s u r f a c e  m ain ten an ce  and sh o u ld e r  and approach  
m ain ten an ce  m o d e ls , w ere d ev e lo p ed  from p a r i s h -  o r  d i s t r i c t - w i d e  d a ta .
I t  sh o u ld e r  a l s o  be  n o ted  th a t  th e  f i r s t  f i v e  m odels p r e d i c t  m a in te ­
n an ce  c o s ts  i n  term s o f  1972 d o l l a r s .  To o b ta in  th e  a c t u a l  e s tim a te d  
c o s t  f o r  any p a r t i c u l a r  y e a r ,  one m ust a cc o u n t f o r  i n f l a t i o n  and
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In c re a s e s  i n  m a t e r i a l ,  l a b o r  and equipm ent c o a ts .  T h is  i s  ta k en  c a r e  
o f  in  th e  l a s t  two m odels th ro u g h  th e  in t r o d u c t io n  o f  s a l a r y  in c rem en t 
f a c t o r s .
The m odel dev e lo p ed  f o r  p r e d ic t in g  m a in ten an ce  overhead  and 
a d m in is t r a t io n  c o s t  sh o u ld  be  used by c a r e f u l l y  u p d a tin g  th e  s a la r y  
in c rem en t f a c t o r s .  A c a r e f u l  e v a lu a t io n  o f  u sa b le  manpower and a p p r a i ­
s a l  o f  t o t a l  m ile a g e  to  be  m a in ta in ed  i s  a l s o  n e c e s s a ry  f o r  an a c c u ra te  
p r e d ic t io n .  The model d ev e lo p ed  f o r  s t r u c t u r a l  m a in ten an ce  i s  p o s s ib ly  
th e  w eak est p ro p o sed  i n  t h i s  s tu d y . The p l o t  o f p r e d ic te d  v e rsu s  
ob serv ed  m a in ten an ce  c o s ts  i n  F ig u re  5 .5  Bhows th a t  u n d e r-m a in ten an ce  
and o v e r-m a in te n an c e  in  t h i s  c a te g o ry  i s  w id esp read  i n  L o u is ia n a . 
S t a t i s t i c a l  e v a lu a t io n  o f  t h i s  model a l s o  shows th a t  i t s  r e l i a b i l i t y  i s  
n o t  up to  th e  e x p e c ta t io n  one m ight d e s i r e .  The n e c e s s i t y  f o r  f u r t h e r  
im proving  th e  model b a se d  on ad eq u a te  and  r e l i a b l e  m ain ten an ce  d a ta  i s  
s t i l l  r e q u i r e d .  P o s s ib ly ,  a c tu a l  c o n s t r u c t io n  c o s t s  and age o f  th e  
s t r u c tu r e s  c o u ld  be  u sed  a s  in d ep en d en t v a r ia b le s  to  b u i ld  a b e t t e r  
p r e d ic t io n  m odel f o r  t h i s  c a te g o ry .
The m a in ten an ce  c o s t  o u tp u t from  th e s e  m odels can  be used to  
d e te rm in e  th e  fu tu r e  manpower, m a te r ia l  and equipm ent re q u ire m e n ts . An 
a n a ly s is  f o r  each  m a in ten an ce  c a te g o ry  c o u ld  be made i n  o rd e r  to  d e t e r ­
mine th e  q u a n t i ty  re q u ire m e n ts  o f d i f f e r e n t  m a t e r i a l s ,  la b o r  h o u rs  and 
equipm ent h o u rs  f o r  each  d o l l a r  o f m a in ten an ce  work d o n e . These 
f a c t o r s ,  when m u l t ip l ie d  by th e  p r e d ic te d  fu tu r e  c o s t s  would g iv e  th e  
f u tu r e  d o l l a r  re q u ire m e n ts  f o r  m a te r ia l  q u a n t i t i e s ,  l a b o r  h o u rs  and 
equipm ent h o u rs  f o r  each  ty p e  o f  m ain ten an ce  a c t i v i t y .  A part from  
t h i s ,  th e  a n a ly s i s  would a l s o  h e lp  e s t a b l i s h  c r i t e r i a  f o r  d e te rm in in g
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w hether o r  n o t  a  roadway s e c t io n  sh o u ld  be  r e c o n s t r u c te d ,  Improved o r  
m a in ta in ed  in  th e  u s u a l way.
Recom m endations:
The fo llo w in g  reconm endatlons a r e  made f o r  f u r t h e r  r e s e a r c h  in  
t h i s  f i e l d  and th e  n e c e s sa ry  p re p a r a t io n  r e q u ir e d .
1 . To make s u c c e s s f u l  u se  o f th e  developed  m o d e ls , c a r e  shou ld  
be ta k e n  w ith  re g a rd  to  a d e q u a te  m ain tenance  o f  each  c o n t r o l  
s e c t io n  in  th e  s t a t e  so  t h a t  th e  problem s o f  u n d e r -  and 
o v e r-m a in ten an ce  a r e  m in im ized . Such adequacy c a n  be  ach iev ed  
by s t r i c t l y  fo llo w in g  th e  p e rfo rm an c e , q u a n t i ty  and q u a l i ty  
s ta n d a rd s  d eveloped  in  th e  Roy Jo rg e n se n  and A s s o c ia te s  
S tu d y .
2 . A s ta te - w id e  d a ta  c o l l e c t i o n  p ro c e d u re  by each  v a r i a b l e  fo r  
a l l  th e  c o n t r o l  s e c t io n s  In  th e  s t a t e  shou ld  b e  d eveloped
in  o rd e r  to  p r e d i c t  th e  f u tu r e  m ain tenance  re q u ire m e n ts  from  
th e  d e r iv e d  m odels .
3 . S e v e ra l  o th e r  v a r i a b le s  su ch  a s  s u r fa c e  w e a r , a c t u a l  age o f 
th e  c o n tro l  s e c t i o n  a f t e r  im provem ent, t e r r a i n  f a c t o r  and 
lo c a l  In f lu e n c in g  f a c to r s  sh o u ld  be s tu d ie d  and  In tro d u c e d  
in to  th e  model i f  th e y  a re  found s i g n i f i c a n t .  The av erag e  
d a i ly  t r a f f i c  (ADI) used i n  t h i s  s tu d y  sh o u ld  b e  re p la c e d  
by m easures r e f l e c t i n g  th e  d i f f e r e n c e s  betw een l i g h t  and 
heavy v e h ic l e s .  T o ta l  d a i ly  a x le  lo ad  would b e  a  good mea­
s u re  i n  t h i s  c a s e .  Em phasis sh o u ld  be p la c e d  on c o l l e c t io n  
o f an  Improved d a ta  s e t  fo r  th e  s u r fa c e  m a in te n an c e  c a te g o ry .
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4 . The m odels sho u ld  b e  e v a lu a te d  p e r i o d i c a l l y  In  o rd e r  to  
r e f l e c t  changes i n  b a s ic  m aintenance p o l i c i e s .
5 . I t  i s  im p o r ta n t to  n o te  t h a t  th e  m odels d e riv e d  in  t h i s  
r e s e a r c h  p r e d ic t  m a in ten an ce  d o l la r s  w h ich  a re  s u b je c t  to  
ex trem e  changes due t o  i n f l a t i o n ,  m a t e r i a l ,  la b o r  and  e q u ip ­
ment r e n t a l  c o s ts  and g e n e ra l  economic c o n d itio n s  o f  th e  
c o u n try . K eeping t h i s  i n  mind, i t  i s  recommended t h a t  f o r  
each  o f  th e  m a in ten an ce  c a te g o r ie s ,  t h r e e  d i f f e r e n t  m odels 
be d e v e lo p e d . T hese t h r e e  models w ould p r e d ic t  th e  q u a n t i ty  
o f  m a t e r i a l ,  la b o r  h o u rs  and equipm ent h o u rs  re q u ire d  f o r  
a d e q u a te  m ain ten an ce  o f  one c e n te r l in e  m ile  of road  s e c t io n  
in  each  c a te g o ry . Once th e  m a te r i a l ,  l a b o r  and equ ipm ent 
re q u ire m e n ts  f o r  any roadway s e c t io n  c o u ld  be p r e d ic te d  
r e l i a b l y ,  ad eq u a te  In fo rm a tio n  on i n f l a t i o n  and in c r e a s e s  in  
c o s ts  co u ld  be ta k e n  from  r e l i a b l e  s o u r c e s  to  e s t im a te  app ro ­
p r i a t e  m ain tenance  c o s t s .  A d e ta i le d  d a t a  c o l l e c t io n  program  
sh o u ld  th e r e f o r e  be  i n i t i a t e d  to  o b ta in  th e  d e t a i l s  o f  
m a te r i a l  q u a n t i t i e s ,  l a b o r  hours and equ ipm ent h o u rs  re q u ire d  
by s e le c te d  c o n t r o l  s e c t io n s  w ith in  t h e  S t a t e .
i
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APPENDIX A
NOTATION
AADM = t o t a l  number o f  a d m in is t r a t iv e  p e rso n s  in  th e  a d m in is t r a t iv e  
and overhead  gang o f  a  d i s t r i c t .
ADDEN -  ADT/WID.
ADDN = (ADT) • (SN) .
ADMT -  AADM + EMP.
ADSL -  (ADT) • (SO IL).
ADT “  av erag e  d a i ly  t r a f f i c .
1 / 2ADTH -  (ADT) .
ADT2 -  (ADT)2 .
AFCT ■ an n u a l c o s t  ( d o l l a r s )  o f  r i v e r  c ro s s in g  o p e ra t io n s  f o r  a  
p a r i s h .
AGE ■ s h o u ld e r  a g e .
1 / 2AGEH -  (AGE)A/ .
AGE2 -  (AGE)2 .
AMOW 11 mowing a c re a g e  p e r  c e n te r l i n e  m ile  o f roadway s e c t io n .
e q u iv a le n t  2 la n e  m iles  o f  h o t  mix o r b itu m in o u s  s u r fa c e
t r e a te d  s e c t io n  fo r  th e  e n t i r e  c o n tr o l  s e c t io nASP m * 1 1 —........  1 1 1  .t o t a l  c e n t e r l i n e  m ileag e  o f  th e  c o n t r o l  s e c t io n
ATSFC -  an n u a l t r a f f i c  s e r v ic e  m ain ten an ce  c o s t ( d o l l a r s )  p e r  
c e n te r l in e  m ile  o f  highway s e c t io n .
B -  t o t a l  annual s t a t e  budget ( d o l l a r s )  f o r  highway m a in ten an ce .
BLIT ■= av erag e  number o f  l i t t e r  b a r r e l s  p e r  c e n t e r l i n e  m ile  o f 
highway s e c t io n .
BRDRS « t o t a l  number o f  b r id g e  te n d e r s  in  a  p a r i s h .
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CADM = an n u al m a in tenance  overhead  and a d m in is t r a t io n  c o s t 
( d o l l a r s )  f o r  a  d i s t r i c t .
CAP = t o t a l  c a p a c ity  o f a l l  th e  f e r r y  b o a ts  o p e ra t in g  in  a  p a r i s h .
CL1 o r  INT = 1 i f  th e  g iv e n  roadway s e c t io n  i s  a p a r t  o f  an I n t e r s t a t e  
system .
CLl o r  INT = 0 i s  th e  g iv e n  roadway s e c t io n  i s  n o t a  p a r t  o f  an I n t e r s t a t e  
sy stem .
CL2 o r PR1 = 1 i f  th e  g iv e n  roadway s e c t io n  i s  a  p a r t  o f a  P rim ary  system .
CL2 o r  PRI = 0 i f  th e  g iv en  roadway s e c t io n  i s  n o t a  p a r t  o f  a P rim ary 
system .
CNADT = (CONC) - (ADT).
e q u iv a le n t  2 la n e  m ile s  o f  c o n c re te  o r  b itum inous c o n c re te
CONC *=___________ s e c t io n  fo r  th e  e n t i r e  c o n t r o l  s e c t io n ___________
t o t a l  c e n te r l in e  m ileag e  o f th e  c o n tro l  s e c t io n
CRDRC = annual ro a d s id e  and d ra in a g e  m ain tenance  c o s t  ( d o l l a r s )  p e r  
c e n te r l in e  m ile  o f  roadway s e c t io n .
EMP “ t o t a l  number o f  n o n -a d m in is tra t iv e  m ain tenance  em ployees.
(EQ)^ * t o t a l  an n u a l equipm ent hours a v a i l a b le  In  d i s t r i c t  m.
FIDRS » t o t a l  number o f  f e r r y  te n d e rs  in  a  p a r i s h .
OPEN =* t o t a l  number o f  movable sp an  b r id g e  opening  o p e ra t io n s  done 
fo r  a l l  th e  movable sp an  b r id g e s  i n  a  p a r i s h  in  a g iv e n  y e a r .
PINC ■ s a la r y  in c rem en t f a c to r .
e q u iv a le n t  2 la n e  m ile s  o f  unpaved sh o u ld e r
pyjjg o ________f o r  th e  e n t i r e  c o n t r o l  s e c t io n ___________
t o t a l  c e n te r l i n e  m ileag e  o f the  c o n t r o l  s e c t io n
PSAT * (SOIL) * (ADT) • (PVNS).
e q u iv a le n t  2 la n e  m ile s  o f paved sh o u ld e r  fo r
  th e  e n t i r e  c o n t r o l  s e c t i o nPVS ** " *.............." " 1 I I    I I
t o t a l  c e n te r l in e  m ileage  o f  the  c o n tro l  s e c t io n  
PVSL * (PVS) • (SOIL).
PVDL -  PVS/SOIL.
RADT * av erage  d a i ly  t r a f f i c  on th e  r u r a l  p a r t  o f a  c o n t r o l  s e c t io n .
RAIN « averag e  an n u al r a i n f a l l  i n  in c h e s .
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RCOST *> an n u a l s t r u c tu r e  m a in te n a n c e  c o s t ( d o l l a r s )  p e r  c e n t e r l i n e  
m ile  o f  roadway s e c t i o n .
RUR -  p ro p o r t io n  o f r u r a l  m ile a g e  in  one c e n t e r l i n e  m ile  o f  a 
g iv e n  roadway s e c t io n .
SAL “ le n g th  o f  s t e e l  s t r u c t u r e s  p e r  c e n t e r l i n e  m ile  o f a  g iv e n  
roadw ay s e c t io n ,
SFMC “ an n u a l s u r fa c e  m a in te n an c e  c o s t  ( d o l l a r s )  p e r  c e n t e r l i n e  
m ile  o f  roadway s e c t i o n .
SHMC = an n u a l sh o u ld e r  and a p p ro a c h  m ain ten an ce  c o s t  ( d o l l a r s )  p e r  
c e n t e r l i n e  m ile  o f  roadw ay s e c t io n .
SLPVL -  PVNS/SOIL.
SLPVN = (PVNS) • (SOIL).
SN = a w e ig h ted  s t r u c t u r a l  p a ra m e te r .
SNB = number o f s t e e l  s t r u c t u r e s  p e r c e n t e r l i n e  m ile  o f a g iv e n  
roadway s e c t io n .
SNH -  (SN)1^ 2 .
SN2 -  (SN)2 .
SOIL “  s o i l  su p p o r t  v a lu e  o f  su b g ra d e .
1/2SOILH -  (SOIL) '  .
S0IL2 -  (SOIL)2 .
TR *> t o t a l  c e n te r l in e  ro ad  m ile a g e  in  a d i s t r i c t .
UADT ■=> a v e ra g e  d a i ly  t r a f f i c  on  th e  urban p a r t  o f a c o n tr o l  s e c t i o n .
URB "  p ro p o r t io n  o f urban  m ile a g e  in  one c e n t e r l i n e  m ile  o f a
g iv e n  roadway s e c t io n .
WID -  a v e rag e  w idth  o f s h o u ld e r .
XRUR -  (RUR) * (RADT).
1/2XRURH -  (XRUR) ,
XRUR2 -  (XRUR)2 .
XURB -  (URB) • (UADT).
1 /2XURBH -  (XURB) .
XURB2 » (XURB)2 .
APPENDIX B
STATISTICAL SIGNIFICANCE OF REGRESSION EQUATIONS
A n a ly s is  o f th e  p e r t i n e n t  d a ta  s e t s  and developm ent o f  th e  r e g r e s ­
s io n  m odels w ere  acco m plished  by u t i l i z i n g  th e  a v a i l a b l e  com puter 
c a p a b i l i ty  o f  th e  S t a t i s t i c a l  A n a ly s is  System (1 7 ) . SAS has a  c a p a c i ty  
f o r  accom odating  an u n lim ite d  number o f  d a ta  o b s e rv a tio n s  p e r m it t in g  
a  maximum o f  255 d a ta  v a r i a b l e s  w i th in  any s in g le  o b s e r v a t io n .  O th e r 
s o p h is t i c a te d  c a p a c i t i e s  such  as th e  s te p w ise  r e g r e s s io n ,  MAXR and 
MINR p ro c e d u re s  proved to  be  e x tre m ely  h e lp f u l  in  d e v e lo p in g  s t a t i s t i ­
c a l ly  s i g n i f i c a n t  p re l im in a ry  m odels . A n a ly s is  o f  th e  d a ta  o b se rv a ­
t io n s  and a n a ly s i s  o f v a r ia n c e  a r e  i n t e g r a l  p a r t s  o f  th e  r e g r e s s io n  
p ro ced u re  i n  SAS; th u s  s e p a r a te  a n a ly s i s  o f th e s e  ite m s  were n o t 
re q u ire d . The o u tp u t o f  a  SAS run  g iv e s  a l l  th e  n e c e s s a ry  s t a t i s t i c s  
w ith  w hich to  ju d g e  th e  s t a t i s t i c a l  v a l i d i t y  o f  th e  model as a w ho le  
and a ls o  o f  each  in d ep en d en t v a r i a b le  in  the  m odel. The s t a t i s t i c s
th a t  h e lp  to  e v a lu a te  th e  goodness o f  any  r e g r e s s io n  model and a s s o -
2
e la te d  v a r i a b l e s  a re  th e  c o e f f i c i e n t  o f  d e te rm in a tio n  (R ) ,  s ta n d a rd
e r r o r  o f  e s t im a te  (SEE), t - t e s t ,  F - r a t l o  and 6 c o e f f i c i e n t s .  Each o f
th e se  t e s t s  a r e  d e sc r ib e d  in  s h o r t  and a r e  d is c u s s e d  w ith  r e s p e c t  to  a
minimum 95 p e rc e n t  c o n fid e n ce  l e v e l .
2
R : The c o e f f i c i e n t  o f  d e te rm in a tio n  g iv e s  an  in d i c a t io n  o f th e  e x te n t
to  which th e  observed  d a ta  a r e  in  agreem ent w ith  th e  e s tim a te d  v a lu e s
2
from  th e  dev e lo p ed  r e g r e s s io n  e q u a tio n . In  o th e r  w o rd s , R v a lu e
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e x p la in s  th e  p e rc e n ta g e  o f v a r i a t i o n  In  th e  d ep en d en t v a r i a b l e  t h a t  i s
1 .0 0  and a  h ig h  v a lu e  l a  a lw ays d e s i r a b le .
SEE: The s ta n d a rd  e r r o r  o f  e s t im a te  i s  a  m easu re  o f  d i s p e r s io n  o f  th e
o b serv ed  v a lu e s  o f  th e  d ep en d en t v a r ia b le  from  th e  r e g r e s s io n  l i n e .
T h is  I s  e q u iv a le n t  to  th e  s ta n d a rd  d e v ia t io n  te rm . In  o th e r  w o rd s , 
w i th in  one s ta n d a rd  e r r o r  o f  e s t im a te  from  th e  r e g r e s s io n  l i n e  a t  
l e a s t  68 p e rc e n t  o f  th e  o b se rv ed  v a lu e s  o f  th e  dependen t v a r i a b le s  w i l l  
f a l l .  SEE I s  d e f in e d  a s ,
« o b serv ed  v a lu e  o f  th e  dependen t v a r i a b l e .
Y -  p r e d ic te d  v a lu e  o f  th e  dependen t v a r i a b l e ,  
n « number o f  o b s e rv a tio n s  u sed .
p « number o f  in d e p en d e n t v a r ia b le s  u sed  i n  th e  m odel.
A low v a lu e  f o r  SEE in c re a s e s  th e  c o n fid e n ce  In  th e  m odel.
S tu d e n t 's  t - t e s t : The t - t e s t  d e te rm in e s  w h e th e r  th e  r e g r e s s io n  c o e f f i ­
c i e n t  o b ta in e d  f o r  each  in d e p en d e n t v a r i a b le  i s  s i g n i f i c a n t l y  d i f f e r e n t  
from some t r u e  v a lu e ,  in  t h i s  c a s e  z e ro . The v a lu e  o f t  i s  c a lc u la te d  
by ta k in g  th e  r a t i o  betw een th e  r e g re s s io n  c o e f f i c i e n t  o b ta in e d  and 
th e  s ta n d a rd  e r r o r  f o r  t h a t  r e g r e s s io n  c o e f f i c i e n t .  The t - v a lu e  thus 
o b ta in e d  shou ld  be  compared to  a  t h e o r e t i c a l  t - v a lu e  d e te rm in e d  by th e  
t o t a l  d eg rees  o f  freedom  and th e  s ig n i f ic a n c e  l e v e l  d e s i r e d .  The 
c a lc u la te d  t - v a lu e  shou ld  be  g r e a t e r  th an  th e  t h e o r e t i c a l l y  o b ta in e d




t - v a l u e  In  o rd e r  t o  s t a t e  t h a t  t h e  r e g r e s s io n  c o e f f i c i e n t  i s  s i g n i f i ­
c a n t ly  d i f f e r e n t  from  z e ro .
F - r a t i o : The F - r a t i o  i s  a  m easu re  i n  w hich one v a r ia n c e  e s t im a te  i s
com pared w ith  a n o th e r .  In  th e  c a s e  o f  a  r e g r e s s io n  e q u a t io n ,
F - r a t i o  ■ Mean s q u a re  f o r  r e g r e s s io n  
Mean s q u a re  f o r  d e v ia t io n
L ike  th e  t - t e s t ,  th e  F - r a t i o  c a l c u l a t e d  from  th e  r e g r e s s io n  m odel sh o u ld  
b e  g r e a t e r  th a n  t h e o r e t i c a l  F v a lu e  a t  th e  d e s i r e d  c o n f id e n c e  l e v e l .
A h ig h e r  c a lc u la te d  F v a lu e  i n d i c a t e s  a  g r e a t e r  s i g n i f i c a n c e  in  th e  
c o r r e l a t i o n  be tw een  th e  d ep en d en t and in d e p e n d e n t v a r i a b l e s .  
g - c o e f f i c i e n t : S in c e  th e  in d e p e n d e n t v a r i a b l e s  i n  a  r e g r e s s io n  m odel
have d i f f e r e n t  u n i t s  no c o n c lu s io n  can  be drawn from th e  c o rre sp o n d in g  
c o e f f i c i e n t  re g a rd in g  th e  im p o rta n c e  o f  any p a r t i c u l a r  v a r i a b l e .  The 
p - c o e f f i c i e n t  g iv e s  a  d i r e c t  m easu re  o f  th e  r e l a t i v e  im p o rta n c e  o f 
d i f f e r e n t  in d e p e n d e n t v a r i a b le s  i n  th e  m odel. T h is  i s  a  n o n d lm e n s io n a l 
form  o f  th e  c o e f f i c i e n t  in  th e  r e g r e s s io n  m odel and i s  e x p re s s e d  
m a th e m a tic a lly  a s ,
e = b  0x1 Pi  i  a
W here,
b^ * v a lu e  o f  th e  r e g r e s s io n  c o e f f i c i e n t  f o r  th e  i *"*1 in d e p en d e n t 
v a r i a b l e  i n  th e  m odel. 
a x i  =■ s ta n d a rd  d e v ia t io n  f o r  th e  i ^  in d ep en d en t v a r i a b l e  in  th e  
m odel.





The seven  m ain tenance m odels developed In  t h i s  s tu d y  can be used 
to  p r e d ic t  th e  m ain tenance  req u ire m e n ts  o f any roadway s e c t io n  in  
L o u is ia n a  when a l l  th e  p e r t in e n t  d a ta  I s  a v a i l a b le .  The fo llo w in g  
s e c t io n s  g ive  an exam ple In  w hich a  ty p ic a l  roadway s e c t io n  I s  de­
s c r ib e d . The i n i t i a l  p a r t  o f th e  example shows th e  p ro ced u re  o f c a l -  
c u l a t i n g 't h e  s u r f a c e  m ain tenance re q u ire m e n t, th e  sh o u ld e r and approach 
m ain tenance re q u ire m e n t, th e  ro a d s id e  and d ra in a g e  m ain tenance  re q u ir e ­
m en t, th e  s t r u c tu r e  m ain tenance req u irem en t and th e  t r a f f i c  s e r v ic e  
m ain tenance req u irem en t fo r  one c e n te r l i n e  m ile  of th e  d e sc r ib e d  road­
way s e c t io n .  The l a s t  p a r t  shows th e  c a lc u la t io n s  fo r  p re d ic t in g  th e  
t o t a l  p a r is h  e x p e n d itu re  fo r  r i v e r  c ro s s in g  o p e ra tio n s  and th e  t o t a l  
d i s t r i c t  e x p e n d itu re  on m ain tenance overhead and a d m in is tr a t io n .  A ll 
th e  num erical v a lu e s  used in  t h i s  exam ple a re  f i c t i t i o u s  and a re  used 
f o r  e x p la in in g  th e  m ain tenance req u irem en t c a lc u la t io n  p ro ced u re .
P a r t  I ; A r u r a l  48 fo o t wide p rim ary  roadway s e c t io n ,  b u i l t  10 y ea rs  
a g o , has a le n g th  o f  8 .7  m ile s . The roadway s u r fa c e  i s  3 .0  in c h es  of 
b itum inous h o t mix la y e r  over a cem ent s t a b i l i z e d  sand c la y  g ra v e l 
(Grade B) base  co u rse  o f 8 .5  in c h e s .  The base  co u rse  l i e s  over a sand 
c la y  g ra v e l (Grade B) type  subbase  co u rse  5 .0  in c h es  th ic k  which in  
tu r n  i s  supported  on subgrade w ith  a  s o i l  su p p o rt v a lu e  o f 2 .7 0 . The 
roadway s e c tio n  has 5 .6  m iles  o f  12 fo o t  w ide unpaved sh o u ld e r and
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w ith  th e  rem ain ing  3 .1  m ile s  w ith  a  14 f o o t  w ide unpaved sh o u ld e r . 
R igh t-o f-w ay  m ain tenance o f th e  roadway s e c t io n  r e q u ir e s  72.0  a c re s  
o f  mowing r e g u la r ly .  The roadway s e c t io n  has a 332 fo o t  long  s t e e l
b r id g e  and a 40 fo o t long  c o n c re te  c u lv e r t .  The a re a  o f  th e  s t e e l
2 2 b rid g e  i s  19 ,500 f t .  and th a t  of th e  c u lv e r t  i s  2 ,010 f t .  . The ro ad ­
way s e c t io n  c a r r i e s  11,200 v e h ic le s  d a i ly .  The l o c a l i t y  in  which th e  
roadway s e c t io n  e x i s t s  has an annual r a i n f a l l  o f 62 .0  In ch es .
The above in fo rm a tio n  i s  used to  p r e d i c t  th e  f i r s t  f iv e  c a te g o r ie s  
o f  m ain tenance re q u ire m e n ts .
1. S u rface  m ain tenance :
ADT « 11 ,200
ADTH -  105.83
A S P .  .  2>0
CONC -  0
CNADT = 0
From T ab le  4 .2  i n  C hapter 4 ,
SN -  3 .0  • 0 .4 0  + 8 .5  * 0 .17  + 5 .0  * 0 .11  -  3.195
ADDN = 3 .195  • 11,200 =■ 35,784
U sing th e  e q u a tio n  fo r  s u r fa c e  m ain tenance  g iv e s ,
SFMC = $498.28
2. S houlder and approach m ain ten an ce :
pvs -  3 . 1 *  (1 4 /6 ) “ °*831
O • /
PVNS = 5 -6- *_U .? / ,6) -  1-288
o • /
SOIL « 2 .7
PVSL » 2 .7  • 0 .831  * 2.244
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SLPVN -  2 .7  • 1 .288  -  3 .48  
AGE -  10 .0  
U sing th e  e q u a tio n  f o r  SHMC g iv e s ,
SHMC -  $389.03
3 . R oadside and d ra in a g e  m ain ten an ce :
CL1 = 0 
CL2 = 1 
RAIN “  62 .0  
AMOW -  7 2 .0 /8 .7  -  8 .2 8  
U sing th e  e q u a tio n  f o r  CRDRC g iv e s ,
CRDRC -  $627.84
4. S tr u c tu re  m ain tenance :
SNB =» 1 .0 /8 .7  -  0.1149 
SAL -  332 /8 .7  -  38.161 
SAD -  1 9 ,5 0 0 /8 .7  * 2 ,241 .38  
OAD * 2 ,0 1 0 /8 .7  = 231.03 
U sing th e  e q u a tio n  f o r  b r id g e  m ain tenance  g iv e s ,
RCOST * $52.46
5. T r a f f i c  s e r v ic e  m ain tenance:
INT -  0 
PRI ■ 1 
XURB » 0
XRUR » 1 .0  • 11 ,200 -  11,200 
U sing th e  e q u a tio n  f o r  t r a f f i c  s e r v ic e  m ain tenance g iv e s ,  
ATSFC -  $588.38
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P a r t  XX; The p a r i s h  in  which th e  d e sc r ib e d  roadway s e c t io n  e x i s t s  has 
two movable span b r id g e s  and one f e r r y  c ro ss in g  p o in t  w ith  a f e r r y  
c a p a c ity  o f 16 v e h ic l e s .  Two b r id g e  te n d e rs  and 14 f e r r y  te n d e rs  a r e  
employed fo r  o p e ra t io n  o f th e se  f a c i l i t i e s .  The m ovable span b r id g e s  
have to  be opened 160 tim es y e a r ly  f o r  r iv e r  t r a f f i c  movement. In  
th e  p a r t i c u l a r  d i s t r i c t  510 n o n -a d m ln ls tra t iv e  em ployees and 62 admin­
i s t r a t i v e  employees m a in ta in  th e  com plete  highway ne tw o rk  c o n s is t in g  
o f  1 ,460  m iles o f  roadw ay. The s a l a r y  increm ent f a c t o r  f o r  th e  p a r t i ­
c u la r  y e a r  i s  e s t im a te d  to  be 1 .7 2 .
T o ta l p a r is h -w id e  r iv e r  c ro s s in g  o p e ra tio n  e x p e n d itu re  and d i s ­
t r i c t - w id e  e x p e n d itu re  f o r  m ain tenance  overhead and a d m in is t r a t io n  
can be  c a lc u la te d  u s in g  th e  above in fo rm a tio n .
6 . R iver c r o s s in g  o p e ra tio n s  m ain tenance:
BTDRS » 2
FTDRS -  14 
OPEN * 160 
CAP “ 16 
PINC * 1 .7 2
R iver c ro s s in g  o p e ra tio n  m ain tenance c o s t  can  be c a lc u la te d  a s ,  
AFCT = $178 ,711 .00
7. M aintenance overhead and a d m in is t r a t io n :
AADM -  62 
EMP * 510 
ADMT -  510 + 62 = 572 
PINC = 1 . 7 2  
TR = 1 ,4 6 0
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Using t h i s  In fo rm a tio n  CADM can be c a lc u la te d  a s ,
CADM o $ 1 ,2 2 3 ,4 5 9 .0 0  
The t o t a l  m ain tenance  e x p e n d itu re  fo r  th e  d e sc rib ed  c o n t r o l  sec­
t io n  w i l l  be $2 ,155 .99  along w ith  a  p a r ish -w id e  r iv e r  c ro s s in g  opera­
t io n s  e x p e n d itu re  o f  $178,711.00  and d i s t r i c t  w ide m ain tenance  overhead 
and a d m in is t r a t iv e  e x p e n d itu re  o f  $ 1 ,2 2 3 ,4 5 9 .0 0  which i s  n o t  d i s t r i ­
bu ted  to  th e  c o n tro l  s e c t io n s .  W hile u s in g  th e s e  m ain tenance  re q u ire ­
ment m od e ls , s p e c ia l  cases  t h a t  m ight a r i s e  sh o u ld  be d e a l t  w ith  
p ro p e r e n g in e e rin g  judgm ent.
VITA
S a n ta s ib  Mukhopadhyay was b o rn  I n  1947 in  D hanbad, I n d ia .  He 
g rad u a ted  from  Bankura Z i l l a  S c h o o l, West B engal i n  1964 w ith  h ig h  
d i s t i n c t i o n  and was aw arded two m e r i t  s c h o la r s h ip s  to  p u rsu e  a  B .E . 
d eg ree  i n  C iv i l  E n g in ee rin g  and c o n se q u e n tly  began  t h i s  program  a t  
Bengal E n g in e e rin g  C o lle g e , C a lc u t ta ,  I n d ia .  He re c e iv e d  h i s  B ach e lo r 
o f  E n g in ee rin g  d eg ree  i n  1969. In  1971 he re c e iv e d  a  M. Tech. d eg ree  
In  C iv i l  E n g in e e rin g  from  th e  In d ia n  I n s t i t u t e  o f  Technology w ith  a  
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